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Abstract 

Domestic markets are growing too slowly to absorb increases in U.S. farm production. But 
reliance on foreign markets can make farmers vulnerable to sudden swings in prices, which 
are transmitted to other domestic sectors as well. This report assesses U.S. agriculture's ca- 
pacity to meet domestic and export demands, and the likely consequences of doing so, 
under different economic assumptions about the future. By shifting production among 
regions, adopting new technology, and keeping up the quality of ils resources, U.S. 
agriculture could double its exports within the next 30 years. 
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Preface 

U.S. agriculture's increasing involvement in world food markets 
has implications for the size and structure of the farm sector, 
the level of prices received by farmers, the stability of markets 
to which farmers sell their products, the level of farm income, 
and regional variations in agricultural activity. It also has im- 
plications for domestic sectors depending on agriculture, such 
as consumers, postharvest food handlers, and farm input sup- 
pliers. Policies adopted by the United States in the late eighties 
and beyond will affect U.S. agriculture's response to changes in 
domestic and foreign demand for food during coming decades. 

U.S. farm policies introduced in the thirties redistributed in- 
come from a relatively well-to-do urban sector to a disadvan- 
taged farm sector, with both sectors comprising a closed econ- 
omy. That basis for farm policy no longer exists. For one thing, 
the average U.S. farmer no longer earns less than the average 
nonfarmer. Furthermore, about 5 percent of the farms now 
produce half the farm output. This report, however, focuses on 
reasons that are external to the U.S. economy. U.S. agriculture 
is now part of an open and volatile world food system that can- 
not be controlled by domestic policies alone. The need for a 
farm policy is still with us, but the basis for farm policy has 
changed. 

A study of U.S. agriculture in a world setting was initiated in 
late 1982 in USDA's Economic Research Service with the idea 
that there would be one general, broad report covering the 
potential U.S. food production for world markets and a few 
special reports that looked at selected topics in depth. Some of 
the indepth reports were prepared for publication, others were 
prepared as special materials. Ideas from these reports are 
reflected in this general report; it could not have been written 
had the other reports not been available. However, this general 
report also explores topics not covered in the other reports. 

This study was done under the direction of Clark Edwards, 
Senior Economist, Economic Research Service. Others also 
prepared papers for publication as part of the world food study, 
and provided material for this general report: 

Robert M. House analyzed the effects of the level of and 
variability in commodity export demand on U.S. 
agriculture. He applied and explained the mathematical 
programming model (USMP) that underlies much of the 
analysis of the general report (111, 112. See references at 
end of this report.) 

Gerald L. Homer modified the USMP model to analyze ir- 
rigation issues. This was a major source of the analytical 
conclusions in this general report with respect to irrigation 
(108). 

Thomas Lutton explained why agriculture may have more 
flexibility than is generally assumed for making efficient ad- 
justments to alternative world food situations (150). 

Thomas A. Miller, Jerry A. Sharpies, Robert M. House, 
and Charles V. Moore appraised the supply response of 
U.S. agriculture to increasing price volatility in world food 
markets by means of an application of the USMP model 
(165, 166). 

Gerald Plato and Douglas Gordon developed a dynamic 
programming analysis of the probability of meeting alter- 
native objectives of commodity stock management pro- 
grams using various program strategies (194). 

Lyle P. Schertz reviewed selected world food studies 
which took a special look at the role of U.S. agriculture 
(217). 

Other contributors prepared special materials as part of the 
world food study, and contributed to this general report. 

Paul Andrilenas and David Torgerson described farm input 
and productivity, and forecast the availability of purchased 
farm inputs (4). 

Robert Boxley discussed the potential for additional 
cropland, institutional factors affecting the supply of 
cropland, and considerations of intensity of land use, such 
as through humid area irrigation and double cropping, 
which increases production without increasing cropland re- 
quirements (25). 

Barbara Chancey prepared maps describing historical 
regional variations in farm production, and regional ad- 
justments according to USMP in the U.S. supply response 
to different levels of exports (38). 

Michael LeBlanc appraised the likely competition by oil 
shale development in Colorado, Utah, and Wyoming for 
resources used by agriculture, particularly water (135). 

Charles V, Moore analyzed population shifts which are 
changing the nonfarm demands for natural resources used 
by farmers. This directly affects the availability of land and 
water and it indirectly affects the infrastructure available to 
farmers and the availability of energy. Private markets 
sometimes fail to allocate such resources in the public in- 
terest. The role of public management in these resource 
markets is discussed (167). 



Clayton Ogg examined the effect of export market expan- 
sion on soil erosion and found that problems vary by com- 
modity and region. For example, expansion of soybean 
acreage for export in the Delta may result in severe erosion 
on fragile lands whereas expansion of wheat acreage for ex- 
port in the Northern Plains need not cause problems {184). 

Lyle P. Schertz found that projections of economic variables 
often use models that trace the time path between the pre- 
sent and the future under alternative scenarios. For some 
models, unrealistically, the economic situation at the end- 
point was independent of the time path. In addition, some 
lead and lag relationships exhibited on the time paths were 
inconsistent with economic theory (218). 

Schertz also examined the interaction of agricultural 
growth in developing countries with general economic 
development. This has implications for food imports and 
therefore for growth in the export markets for U.S. farm 
products. The feedback loop between U.S. food produc- 
tion and production in the rest of the world needs to be 
evaluated (219). 

Lloyd D. Teigen described national and regional patterns 
of input use and productivity and drew implications for 
agricultural capacity from projections of input use and 
yields (238). Teigen also estimated agricultural output sup- 
ply and input demand as a simultaneous system (239). 

People in ERS who assisted in the study through planning 
and evaluating sessions, contributing material, and review- 
ing the manuscripts include: Klaus Alt, Joseph R. Barse, 

Kenneth C. Clayton, Velmar Davis, J. Larry Deaton, 
Theodore R. Eichers, Dick Haidacher, Charles Hanrahan, 
David H. Harrington, Richard Heifner, John Hostetler, 
Richard Kennedy, John E. Lee, Lester Myers, Patrick M. 
O'Brien, Anthony C. Prato, Robert Reinsel, Larry E. 
Salathe, Donald Seaborg, Neill Schaller, Gerald Schlüter, 
James Tannehill, Gary Taylor, Francis Urban, and Alan 
Webb. 

People outside ERS who reviewed this and other manuscripts, 
listed above, which are part of the overall study, include: 
James Houck, University of Minnesota; Eric Hyman, Office of 
Technology Assessment; D. Gale Johnson, University of 
Chicago; Bruce McCarl, Oregon State University; William R. 
Miller, University of Nebraska; Paul O'Connor, Forest Service, 
USDA; Jack van Hoist Pellekaan, World Bank; and Luther 
Tweeten, Oklahoma State University. 

A forthcoming companion study, prepared by the Interna- 
tional Economics Division (lED) of ERS, examines the cur- 
rent situation and prospects for world food supply, de- 
mand, and trade. That study takes an international 
perspective on the world food situation whereas this one 
takes a domestic U.S. perspective. This study assumes 
answers to questions analyzed in the international study, 
and it summarizes results of that study as background set- 
ting for analyzing the potential U.S. food production for 
world markets. Dick Kennedy served as the lED liaison on 
the U.S. segment of the study. The general report 
presented here relies on materials prepared for the interna- 
tional segment of the study by Larry Deaton on world de- 
mand for food and by Francis Urban on world supply of 
food. 
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Summary 

U.S. agricultural exports are likely to continue to grow, 
possibly doubling within 30 years. The United States cur- 
rently exports the product of 40 percent of total harvested 
acres, twice the rate of the early seventies. Reliance on ex- 
ports can put farmers at risk to sudden price swings caused 
by changes in food import policies of foreign governments. 
The alternative to those sharp swings is to scale back the 
U.S. farm sector to a size that will support domestic de- 
mand only or to adopt policies that counteract the short- 
term impacts of other governments' food policies. 

U.S. agriculture has the capacity to meet expected growth in 
export demand. Limits to natural resources, energy, labor, 
and purchased farm inputs are not likely to restrict growth and 
induce food shortages. U.S. agriculture may not require much 
more land and water in coming years, but it must retain access 
to the resources now being used. Various institutional and 
human factors are more likely to temporarily limit farm pro- 
duction, factors like financial markets, tax laws, income and 
price support programs, and water rights. 

U.S. agricultural policies adopted during the late eighties and 
beyond will affect how U.S. agriculture continues to operate. If 
export markets recover from the slowed growth of the early 
eighties and advance at average rates close to the longrun 
trend, agriculture will continue to grow. However, if they do 
not, and thus fail to provide a source of increasing demand for 
growing domestic agricultural capacity, there are two options: 
Either rely again on sizable income transfers to avoid another 
agricultural depression in an agricultural economy about the 
size of the present one; or scale down the agricultural sector so 

that it, once again, produces primarily for the domestic market. 
The latter could result in a prosperous but much smaller agri- 
cultural sector than at present; it would also raise serious ques- 
tions about where the world's food supplies would come from 
because the United States is now the major exporter. 

The chief risk to farmers from a high-export strategy comes 
from the inherent volatility of export markets. The variability 
shown by these markets during the past two decades induces 
boom and bust conditions for farmers and ultimately reduces 
agricultural output. This has redistributional effects not only on 
incomes within the farm sector, such as between crop and live- 
stock growers, but also among other sectors including agri- 
business, input suppliers, consumers, and trading partners. The 
volatility of recent experience seems high by the standards set 
by the relative stability of the fifties and sixties, but is not 
unusual compared with the volatility of world food markets 
earlier in this century. 

Farmers as individuals have no control over the vagaries of in- 
ternational agricultural trade or international payments, yet their 
well-being is strongly affected. Most foreign countries regulate 
their agricultural imports and exports to maximize their own 
benefit. Such policies circumvent market responses and can in- 
duce food surpluses or shortages accompanied by price volatil- 
ity. To the extent that the adversity is the result of human inter- 
vention, such as a decision by a foreign government to import 
feed to maintain livestock production as an alternative to 
domestic belt-tightening, or the effects of nonfarm economic 
conditions on the foreign exchange rate, it will take additional 
policies to establish reliable markets for U.S. farmers and reli- 
able food supplies for importers of U.S. farm products. 
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Clark Edwards 

Introduction 

U.S. farmers look more and more to overseas demand as a 
basis for growth. That has come about because of relatively 
slow and steady growth in domestic demand for food com- 
pared with faster growing foreign demand, which reflects in- 
creased world population and wealth and is affected by foreign 
governments' policies to upgrade diets. Reliance on exports, 
while good for many U.S. farmers, especially crop farmers 
because most of the exports are of crops and crop products, 
makes the farm sector susceptible to sharp swings in demand. 
Some of the volatility in international food trade is due to 
weather and to normal market forces, but many of the sharper 
swings are attributable to changes in policies of various govern- 
ments with respect to food imports and exports. 

The fortunes of the U.S. farm sector are now tied as much to 
foreign government policies and domestic nonfarm policies as 
they are to U.S. farm policies. Reliance on exports caused the 
farm sector to swing from boom times during the seventies to 
lean times during the early eighties. So the benefits of con- 
tinued reliance on exports are accompanied by some risks. We 
can choose, if we want, to continue to look abroad for farm 
prosperity; we have the resources to do so. If we choose ex- 
port growth, it is important that we be prepared to deal with 
the expected risks. 

We now export the production of about 40 percent of all har- 
vested acres compared with 20 percent during the early seven- 
ties. Longrun trends suggest that proportion may rise to 50 
percent by the turn of the century. If it does, U.S. agriculture 
has the capacity to meet the growing demands of both domes- 
tic and foreign markets at existing or possibly lower real food 
prices. The difficult question pertains to how to deal with ex- 
port markets growing faster or slower than the longrun trend, 
and with volatility. 

This report raises the issue of how to think about dealing with 
shortrun volatility in the farm commodity export markets and 
with longrun swings from periods of strains on domestic capaci- 
ty to periods of idle farm resources and low farm incomes. The 
report examines the implications of akernative futures for 
farmers, postharvest handlers, input suppliers, consumers, and 
trading partners. 

The analysis is based on past trends, mathematical models of 
the workings of the farm sector and its interactions with other 
sectors, and reasonable expectations concerning technical 
change and other factors. Two models developed in the Eco- 
nomic Research Service were used heavily for the analysis. In 
addition, expertise within ERS was drawn upon to resolve con- 
flict when the two models disagreed and to fill in the gaps on 
relevant issues on which both models were silent. 

Demand for U.S. Food Products 

The larger and more steadily growing part of the total demand 
for U.S. farm products is domestic. The foreign markets are 
smaller, but faster growing and more volatile. Hence, demand 
shifts affecting U.S. farmers are more likely to arise from for- 
eign than domestic sources. 

World Food Demand 

Over the past three decades, world per capita consumption of 
food increased slightly in response to higher income and politi- 
cal determination to improve diets and food distribution. In- 
creasing income per capita was relatively less important in 
developed countries as a source of increased demand for food 
because, in general, people there are relatively well fed. Most 
of the increase came from developing countries with newly in- 
creasing purchasing power and with policies to deal with 
hunger and malnutrition. 

The effect of population growth on food demand varies with 
whether per capita purchasing power is maintained and also 
with demographic patterns such as the proportion of the young 
and the elderly, who tend to eat less than working-age con- 
sumers. World population growth is slowing, implying slower 
growth in the demand for food. World population grew by 
around 1.9 percent per year during 1950-70. It slowed to 1.8 
percent during the seventies, is around 1.7 percent now, and is 
expected to be around 1.6 percent during the nineties (303)} 
In the next century, if present trends continue, the world 
population may stabilize. 

italicized numbers in parentheses refer to citations in the References 
at the end of this publication. 
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In recent decades, the world composition of foods changed 
toward more livestock products relative to crop products. This 
was partly due to decisions by consumers to spend relatively 
more of their added income for meat. In addition, several 
countries adopted policies to improve diets by promoting meat 
consumption. This latter source of change in consumption 
depends on political decisions that may—but need not—reflect 
market forces. Government policies were important, for exam- 
ple, in determining change in the levels of food demand during 
the seventies in the USSR, Eastern Europe, and China. These 
changes stimulated the world's feed-livestock economy. 

Government programs that increase consumption help not only 
consumers, but farmers as well by expanding the market for 
food products. But sometimes there is conflict between con- 
sumers' and farmers' interests in government programs. An in- 
crease in the prices received by farmers, for example, is gen- 
erally accompanied by an increase in the prices paid by con- 
sumers. Some countries' policies support farmers' incomes; if 
supply management programs are ineffective, then price- 
increasing policies tend to create surpluses while they reduce 
consumption. Other countries subsidize consumption; such 
policies can discourage production by lowering prices thereby 
reducing farm incomes and creating shortages. Research that 
helps farmers increase their productivity also helps consumers 
by increasing the supplies of food and lowering the prices. The 
prices may fall so low, however, that farm income declines. 
There are other, noneconomic goals that governments consider. 
For example, food is sometimes used as a tool of diplomacy. 
So conflicts arise not only among governments but also within 
governments about the goals of farm and food policies. Because 
of these conflicts, one can anticipate continued debate as to 
whether policies should emphasize increased production to help 
consumers or limited production to help farmers. 

Income distribution tends to be more uneven in countries with 
lower incomes and lower general levels of education. Income 
growth does not necessarily correct these problems, so gains in 
food consumption based on improved income distribution, edu- 
cation, and aid are separate from gains which follow a general 
improvement in aggregate income. Hunger continues to be a 
problem in certain parts of the world; how food distribution can 
be improved is examined by Deaton and others and is not con- 
sidered in this report (48). 

During 1980-82, a worldwide recession reduced purchasing 
power, and per capita food consumption dropped slightly from 
the record high established in 1978 {274), Reduced demand 
and an increase in carryover stocks resulted in lower prices and 
reduced income for farmers. This event heightened concern for 
farmers' income but it eased the concern of the late seventies 
that increases in world food production might be unable to 
keep up with consumption. Both the tight food situation of the 
seventies and the recession of the early eighties may be past, 
but several factors continue to limit exports of U.S. farm pro- 
ducts to various parts of the world: high levels of international 

debt for many developing nations; high exchange rates with the 
U.S. dollar, making our exports more costly; and high interest 
rates that add to the costs of debt servicing as well as to costs 
of production. These difficulties imply that further and con- 
tinued volatility can be expected in world food trade. 

Even so, prospects are for a longrun, moderate increase in per 
capita demand. The rate of population growth appears to be 
slowing slightly and per capita consumption is expected to con- 
tinue to increase with rising incomes, changing tastes, and im- 
proved distribution of food to lower income people. These 
prospects suggest a rise in aggregate food consumption of 
perhaps 2.0-2.5 percent per year. At this pace, world food 
consumption will require a little longer to double next time, 
about 28-35 years, compared with 27 years for the last 
doubling. The next question is: Can we reasonably expect 
world food production to double during the next three 
decades? 

World Food Supplies 

World food production increased by 2.9 percent per year dur- 
ing the fifties, slowed to 2.7 percent during the sixties, and 
dropped to 2.2 percent during the seventies. During the late fif- 
ties and early sixties, world food production rose faster than 
population and production per capita increased, partly as a 
consequence of policies adopted by various governments 
around the world to deal with food shortages following World 
War II. The increase in per capita production allowed for 
upgrading of diets at favorable prices (253). 

The slowdown in growth in world food production during the 
seventies was abetted by bad weather and adverse economic 
conditions. High energy costs, high interest rates, and inflation 
followed by recession added to farmers' uncertainty and reduced 
incentives to expand production. Even so, world food produc- 
tion increased slightly faster than the increase in population 
during the decade and food production increased moderately. 
Increases in farmland contributed about 0.4 percent per year 
to growth in output during the seventies, less than in the 
previous two decades. The remaining 1.8 percent per year was 
the result of various technical, social, and geographic factors af- 
fecting yield. 

If world food production is to double in 30 years to support the 
increase in consumption implied by population trends and per 
capita needs, then growth in production will have to increase 
slightly from the slowed pace of the seventies, to around 2.3 
percent per year. This is well below the average rate of 2.6 
percent per year for the past 30 years. 

Longrun World Food Balance 

Do the trends in world food supplies and demands point to a 
longrun balance in which real food prices are little changed, to 
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demands which outrun supplies and drive real food prices 
higher, or to plentiful supplies and lower real prices? Imagine a 
world food situation characterized by two or three decades of 
growth in the quantities of food supplied and demanded such 
that there were little change in real food prices. Consumers 
would spend smaller shares of their increasing real incomes for 
increasing quantities of food, and farmers would maintain their 
earnings. On which side of this hypothetical line is a doubling 
of food production and consumption during the next 30 years 
likely to fall: toward higher real food prices of benefit to 
farmers, or toward lower real food prices of benefit to con- 
sumers? 

Real food prices would rise if demand increased faster—or sup- 
ply increased slower—than the trends of recent decades. Food 
supplies would be relatively more scarce. This would adversely 
affect consumers but would improve the incomes of farmers 
and of resource owners. It would lead to higher prices for crop 
products relative to livestock products. The higher prices would 
reduce the consumption of livestock products relative to crops 
products. 

Alternatively, relative increases in per capita food production 
due to a further slowing of population growth, increasing avail- 
ability of land or energy, or advancing technology and institu- 
tional innovation, would ease the price of food relative to other 
goods and services and increase the consumption of livestock 
products relative to food crop products. However, with food 
supplies more plentiful, incomes to farmers and to owners of 
farm resources would be relatively lower. 

"There is no shortage of published reports on projections for 
food production and agriculture," writes Wittwer (302). "The 
general tone is one of pessimism. All raise questions about 
future productive capacity of U.S. agriculture, the environmen- 
tal consequences, resource availability, and technological 
capabilities." The studies refened to by Wittwer were done dur- 
ing the food crisis of the seventies. Since food surpluses and 
lower prices began to reappear in the early eighties, the general 
tone has changed to one of optimism with respect to future 
productive capacity. Reasons supporting first optimism and 
then pessimism are reviewed in the next two sections. 

consideration on the demand side is that world population 
growth is slowing, and there are major policy objectives in 
various governments to slow it even further, thus reducing 
growth in food requirements. This is likely to be more telling 
than changes in per capita demand due to higher income. 

There are several considerations on the supply side. Natural 
resource development will contribute to increases in produc- 
tion, but most growth in production will be based on improved 
technology, increased use of purchased inputs, development of 
regions that are currently below their potential, and adoption of 
farm policies by various governments to provide incentives to 
farmers. 

Existing natural resources can support substantial increases in 
the per capita supplies of food over time at moderately 
decreasing real prices received by farmers (95). About half the 
7.5 billion acres of arable land in the world is under cultivation 
(254). Continued land development through drainage, irriga- 
tion, leveling, breaking up of subsoil hardspans, and better ac- 
cess to isolated land through improved infrastructure, is ex- 
pected to more than offset the amount of land lost to abandon- 
ment or to various nonfarm uses. Some lands recently opened 
for cultivation in many developing countries are especially 
susceptible to soil erosion and will need strong protective 
measures to maintain their productivity (51). On balance, the 
availability of land does not seem to be a critical limiting factor 
in global food production, although pressures on land resources 
are very important in some regions. 

Much of the land that can be easily cropped with good yields at 
low development costs, however, is already in use, so an ac- 
celerated rate of conversion to cropland likely will result in 
higher unit costs and reduced yields. Cropland use may ex- 
pand by about 0.2 percent per year in coming decades without 
contributing to higher unit costs of production. The expected 
growth in cropland is below the rate of 0.6 percent per year 
experienced during the past three decades and below the rate 
needed to meet food demands if yields do not increase. But 
the availability of cropland appears to be adequate provided 
that other resources, technology, and other factors affecting 
food production become available as anticipated (253). 

Prospects for Relative Abundance. World agriculture ap- 
pears to have the potential to meet growing market demands 
for food at moderately declining prices received by farmers. 
Farmers worldwide are likely to expand production, as they 
have in the past, so that the market-clearing prices received for 
farm products are close to and occasionally below the unit cost 
of production. This tendency toward overproduction will con- 
tribute downward pressure on the world level of prices received 
by farmers. 

A number of arguments support this view of increasing per 
capita food production and lower real food costs. The main 

World food production has become highly dependent on irriga- 
tion during the past three decades. Forty percent of world pro- 
duction is produced on the 15 percent of the cultivated area 
that is irrigated. "Most countries, in fact, subsidize irrigation 
water to encourage production. The low cost leads farmers to 
apply more water than required for the crops they grow" 
(281). Water resources appear to be adequate; the Food and 
Agriculture Organization of the United Nations estimates that an 
additional 130 million acres could be irrigated in the next 
decade. Even in regions where the quantity of water is limited, 
there is a good prospect for increasing the efficiency with which 
water is used through improved management, reduced waste. 



Clark Edwards 

and reallocation of water among alternative food production 
uses {253). 

Energy is a critical input in food production, but the energy used 
in agricultural production is only 3-6 percent of all commercial 
energy consumed. The share is 16-22 percent for the food sec- 
tor as a whole, including processing, transporting, and market- 
ing. The energy shortage of the seventies has abated and 
energy availability is likely to be sufficient to support growth in 
agricultural food production—even at moderately decreasing 
real prices received by farmers—for the rest of the eighties. The 
biggest shortrun energy threat is additional oil supply 
disruptions. For developing countries, this is more of a threat to 
their balance of payments than to their level of food produc- 
tion. However, before the close of this century, higher energy 
costs again are likely to be a crucial factor in producing food. 

The nonfarm sector can increase the quantities offered to 
farmers of purchased farm inputs, including chemicals and 
machinery. The price farmers pay may increase as their 
demands increase, but the real prices are not expected to 
diverge much from prices paid by buyers in other industries, 
such as manufacturing and construction, for similar products. 
The nonfarm sector will continue to improve the efficiency of 
transporting, processing, and distributing food products to final 
users. A larger and sustained public and private investment has 
been made in modern infrastructure—roads, bridges, storage 
facilities, communications systems, market services, electricity 
and power, research, and education—to support agriculture. 
The quality of this infrastructure varies. In developed regions, 
small additions to infrastructure generally will support more 
than the projected growth in food production. In other regions, 
like Sub-Saharan Africa, insufficient infrastructure can limit the 
rate of agricultural growth for some time to come. 

There are prospects for increasing productivity of existing re- 
sources through technological advance, including mechaniza- 
tion, fertilization, and biotechnologies. The value of human 
capital can be increased further through education. The full 
benefits of higher yielding crop varieties and other technical ad- 
vances now available are yet to be felt, and additional technol- 
ogies are expected to increase crop and livestock yields further 
over the next few years. 

Developing countries experienced rapid increases in food pro- 
duction during the past three decades. These countries still 
have a large potential for growth in food production through 
improved access to resources, innovations in institutional ar- 
rangements, technologies appropriate to their agricultures, 
development of underutilized regions, and implementation of 
policies favorable to agricultural growth. Policies in many of 
these countries have tended to promote food consumption 
rather than production. 

Agriculture is resilient, according to Paarlberg, and can adapt to 
widely changing needs {186). When a limit to growth in food 
production is met with respect to a specific resource used for a 
specific commodity in a specific region, then regional shifts and 
institutional adaptation can accommodate large changes in food 
production using presently available resources and technology. 
Lutton demonstrated that substitutions among resources and 
among products add flexibility to producer and consumer 
responses, which has the effect of easing world food supplies as 
limits to growth are approached {150). 

Prospects for Relative Scarcity. The alternative view can- 
not be ruled out, however. There may be decreasing per capita 
food supplies and higher real food costs. Food demands could 
accelerate to a level above that associated with constant real 
prices in response to continued population pressures if birth 
rates were higher or death rates lower than anticipated. De- 
mand could increase faster than indicated by recent trends 
should the world economy accelerate. An acceleration of food 
distribution programs to disadvantaged countries would in- 
crease aggregate consumption. So would a redistribution of in- 
come within a country that increases the relative purchasing 
power of its lower income population. 

Shifts in consumer preferences for more meat products relative 
to crop products, such as have taken place in some of the 
more prosperous developing countries, induce a demand for 
more feed grains relative to food grains. The changes in agri- 
cultural production required to accommodate such shifts in- 
crease the agricultural resources used to feed a given popula- 
tion. Changing tastes and new food-processing technologies led 
to an expanding market for oil crops for both food and feed 
uses and placed further demands on agricultural resources. 

Food production might fail to increase fast enough to avert up- 
ward pressure on real prices. Growth in world food production 
slowed during the seventies, suggesting diminishing returns as 
additional variable inputs were added to fixed natural re- 
sources. The loss of soil fertility from erosion, salinity, compac- 
tion, desertification, overgrazing, acidity, and waterlogging af- 
fected agricultural production in many developing countries. 
The new lands opened for cultivation in many developing 
countries are particularly susceptible to soil erosion. Water con- 
straints limit growth in some regions; and even when expansion 
is feasible, the capital requirements are high and projects take a 
long time to implement. Environmental degradation and pollu- 
tion pose increasing threats to resource use. A shortfall in sup- 
ply due to sudden loss of access to land or water could prove 
to be far more difficult to accommodate in the short run, and 
therefore more damaging to the well-being of people, than an 
explosion in the population growth rate. 

Meeting world food requirements in coming decades appears to 
depend more on increasing the productivity of natural re- 
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sources than on increasing the quantity used. This involves 
technical and social change that is adopted slowly in many 
countries because of the education and skill of potential 
adopters and also because not all change is seen as progress. 

Global Balance. There is solid support for a view of relative 
food abundance and also support for the opposite view of 
relative scarcity. Neither extreme abundance nor extreme scar- 
city is very likely. The trend of the last 30 years has been close 
to the middle, but shows a slight tendency toward plenty. 
Johnson described a trend of moderately increasing per capita 
food supplies and slowly (but erratically) decreasing real food 
prices (120). The increasing value added to food markets by 
the nonfarm sector after harvest has widened the gap between 
prices paid by consumers and prices received by farmers. The 
evidence suggests continued moderate increases in per capita 
consumption and downward pressure on real prices received 
by farmers over the next three decades. 

This is not to say that plentiful supplies of cheap food are cer- 
tain for the next 30 years. Rather, it means that the probability 
is high for continued moderate reductions in real food prices. 
The actual outcome will depend heavily on whether certain 
things that can happen (which are discussed in this report) are 
made to happen during the eighties and nineties by means of 
private and public policies. 

This picture of the future involves a growing nonfarm economy 
that creates adequate employment and rising real incomes. It 
calls for consumer expenditures for food to be a decreasing 
share of income, and it includes upgrading of diets, such as 
more livestock products relative to crop products. It calls for the 
farm sector of the economy to grow more slowly than the non- 
farm sector and to comprise a declining share of the world 
economy. It calls for gains in capacity to rely more on social, 
technical, and regional changes that increase yields than on the 
development of natural resources. It calls for public and private 
policies to expand the capacity of agriculture and to maintain 
incentives for farmers. And at the same time, it calls for policies 
to promote regional trade and distribution to assure that con- 
sumer needs are fulfilled. 

If the world food supply becomes more limited than indicated 
in the previous paragraph, with population pressing against the 
capacity to grow food, the export markets for U.S. food pro- 
ducts would grow faster. Prices received by farmers, according 
to this picture, will be higher than they would have been. The 
higher prices would improve farm incomes and also increase 
the returns to suppliers of farm inputs, particularly landowners. 
Consumer prices will increase, which will reduce domestic per 
capita consumption and reduce the rate of growth in the ser- 
vices of agribusiness for processing, distributing, and marketing 
food products. 

On the other hand, if the world food supply becomes more 
plentiful, export markets for U.S. food products would grow 
more slowly and U.S. agriculture may develop excess capacity. 
Prices received by farmers, according to this picture, will be 
lower than they would have been and, if present farm pro- 
grams are still in place, extensive financial assistance will have 
to be provided to maintain farm income. Consumers will 
benefit from lower real food prices and consumption of live- 
stock products will increase relative to crop products. The mar- 
keting sector will benefit from an increased volume of trade, but 
farmers and input suppliers will be disadvantaged. 

The different scenarios have implications for the distribution of 
income within agriculture as well. Under a tighter world food 
situation, feed grain and oilseed prices will be relatively higher, 
thus improving the income of crop growers but reducing the in- 
come of livestock growers. 

The longrun trend in real prices received by U.S. farmers has 
been downward in the United States for more than a century 
(fig. 1.) This reflects strong growth in agricultural productivity 
relative to growth in the demand for foods and it has been in- 
fluenced by opportunities for foreign trade. Despite this decline 
in real prices received, farm incomes improved. Lower prices 
do not mean lower farm incomes if productivity improves and 
production per farmer increases. 

The price trend has not been steady, however. Prices received 
by farmers escalated during and following World War I, then 
declined during the twenties and thirties, and escalated again 
during World War II. Prices (adjusted for inflation) declined 
again during the fifties and sixties but escalated during the food 
crisis of the seventies. The likely prospect is for the gradual 

Figure 1      ___^  
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downtrend in real prices received by farmers to continue during 
coming decades, subject to periodic interruptions. One of the 
reasons that real prices received by U.S. farmers are expected 
to decrease in coming decades is that real world food prices are 
expected to decrease and U.S. prices are affected by trends in 
world prices. Another reason is that U.S. agricultural capacity 
has tended to grow faster than the domestic and export 
markets. 

Prices paid by farmers, particularly for energy intensive inputs, 
are likely to increase in coming decades. Therefore, a con- 
tinued decrease in the parity ratio—the ratio of prices received 
to prices paid—is expected. The longrun implications of this 
trend are not calamitous for efficient farmers, but the shortrun 
implications will raise important policy issues during periods of 
lower farmer incomes. 

The historical downward trend in the parity ratio provided a 
basis for farm price supports during the thirties when agriculture 
was considered part of a closed economy. The internationaliza- 
tion of agriculture since then changed the basis for farm policy 
and suggests a reconsideration of the role of the parity ratio in 
farm policy. The foreign consideration is that if the United 
States is to expand its export markets, it must match the down- 
ward trend in world prices. The domestic consideration is that 
the structure of the farm sector is different now than it was 50 
years ago when present programs had their beginnings. 

Fifty years ago, when most farm production was on diversified 
family farms, price supports of selected commodities boosted 
the incomes of a broad range of farmers whose incomes were 
low relative to nonfarm incomes. Now, after 50 years of farm 
specialization and growth, only 5 percent of the farms produce 
half the farm output while half of the farms (the smaller ones) 
produce only 5 percent of the output (270). Although the aver- 
age farm income of the smaller farms continues to be low, 
many of these are part-time farms with substantial nonfarm in- 
come. The farms now most vulnerable, and perhaps most in 
need of a safety net, are the smaller of the commercial, family 
farms. 

The best level of price support and income protection is an im- 
portant issue. Because of changes in the size distribution of 
farms, specialization, and access to nonfarm income, those 
who now need financial assistance the most no longer tend to 
be helped as much by commodity programs (144). In addition, 
price supports tend to help most of the farmers whose com- 
modities are directly supported. For example, when a farmer 
produces both corn and hogs, price supports on corn improve 
overall income. But when one farmer specializes in corn and 
another in hogs, price supports for corn result in higher feed 
costs and perhaps lower income for specialized hog farmers. 
The farm programs that worked reasonably well during past 
cost-price squeezes apparently will work less well in accom- 
plishing the same goals in the future. If growth of agricultural 

export markets is to continue, domestic price policies will have 
to make sure that U.S. farm products are priced competitively 
in world markets. 

The analysis in this report of the U.S. farm supply response to 
changing world food markets follows Urban in assuming that 
moderate world plenty is more likely than scarcity (253). 
Hence, the basic scenario recognizes the gradual downward 
pressures on prices received by farmers, and upward pressures 
on prices paid. However, the evidence supporting this view, 
while convincing, is not overwhelming. Deaton (48) demon- 
strates that the conclusions one draws with respect to the trend 
in real food prices depends on the choice of commodities and 
on the time period examined. Therefore, the implications are 
also examined in this report of the alternative assumption: that 
the next three decades will be characterized by moderate food 
scarcity and gradually rising real food prices. 

Shortrun World Food Balance 

It is possible to have longrun global balance in the world food 
situation and at the same time experience shortrun fluctuations 
or imbalances as well as persistent regional imbalances. What 
may prove to be more important to U.S. farmers and con- 
sumers than a possible, small, downward tilt in the longrun 
trend for real food prices are increasing shortrun swings from 
temporary scarcity to abundance and widening regional dis- 
parities. World prices of some commodities have become more 
volatile in recent years and prospects for increasing regional im- 
balances of production relative to local consumption, increasing 
reliance of formerly self-sufficient countries on world markets, 
and possible increases in government intervention point to an 
increasing volume of world trade, shifting patterns of trade 
flows, and a continued relatively high level of world food price 
variability. Some countries have changed from importers to ex- 
porters while others face increasing food deficits. Therefore, ad- 
ditional alternative futures are considered in this report. The 
following section examines whether widening regional imbalances 
might increase the volume of world trade; the one following 
that examines whether trade patterns and world food prices 
might become more volatile from one year to the next. 

Regional Imbalances. World trends cover up regional varia- 
tions. World food production about equals world consumption, 
but regional disparities are widening. "World economic growth 
has altered the pattern, direction, and volume of world trade", 
according to Mackie (152). 

Population is growing below the world rate in most of the 
developed countries, and food production is growing above 
the world rate. With the exception of Japan, where food pro- 
duction slowed during the sixties and seventies, production per 
capita is increasing and these countries are net exporters. 
Among the developing countries, population is growing well 
above the world rate. Production per capita is increasing sub- 
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stantially in East Asia, Argentina, Indonesia, Southeast Asia, 
and Brazil but is decreasing in Sub-Saharan Africa, Egypt, parts 
of South Asia, and parts of South America. Among the cen- 
trally planned countries, population and production are both 
growing below the world rates but production per capita is 
increasing. 

Some of these disparities reflect longrun regional situations. For 
example, Sub-Saharan Africa's rapid growth in population and 
slow growth in food production are likely to continue for some 
time. A combination of environmental, political, and economic 
forces is behind the serious longrun food problem in Africa and 
they have been compounded by drought {95). Sub-Saharan 
Africa's production per capita is likely to continue to be limited 
by natural resources, an unstable climate, lack of investment in 
agriculture and infrastructure, lack of nonfarm economic 
development, inappropriate agricultural policies, and political 
instability. Soil deterioration is severe in Nepal, Indonesia, 
many parts of Africa, and on the cultivated lands of the Andes 
Mountains in South America. 

A study of 106 non-Communist developing countries noted 
worsening trends in food self-sufficiency for 73 countries, ac- 
counting for 45 percent of the population and 58 percent of 
the gross national product of all 106 countries (237). These 
countries include most of the world's poorest and smallest 
economies and are scattered over three continents and on the 
islands of three oceans. 

Some of the regional disparities are the result of deliberate ac- 
tions, such as to improve diets. Japan and the USSR moved 
from food grain economies toward feed-livestock economies. 
Such policies make the world food situation tighter because 
livestock production requires more resources per capita than 
food crop production. During the seventies, Japan's livestock 
production increased by more than 5 percent per year while its 
crop production dropped by about 1 percent per year. The 
USSR increased livestock production by nearly 2 percent per 
year during the seventies while crop production increased little 
(274). These countries relied on imports to maintain their ex- 
panding feed-livestock economies. They imported feed grains 
from the United States, where crop production expanded 
rapidly while U.S. livestock production increased about in pro- 
portion to the growth in population. China accelerated growth 
in food production while slowing its population growth. Food 
production per capita in China changed from decreases during 
the fifties and sixties to increases during the seventies. This 
resulted from adoption of available technology and of increased 
incentives from the government. Growth in meat production 
exceeded growth in the available feed supply and China 
became a major importer of grain (301). The developing coun- 
tries, the USSR, and China are expected to continue to be ma- 
jor food importers during coming decades (297). 

Regional trends suggest an increasing volume of world trade in 
food products in coming decades, both in volume traded and 
as a percentage of world production. During the past three 
decades, the volume of world food trade increased by 5 per- 
cent per year. Only a small portion of the world's food is 
traded internationally since most nations are largely self- 
sufficient in their major foodstuffs. Improved diets, specializa- 
tion in commodities for which there is a comparative advan- 
tage, and export either for the purpose of acquiring foreign ex- 
change or to draw down domestic surpluses, imply less self- 
sufficiency and increasing dependence on world trade. The 
persistence of food deficit regions implies the need for counter- 
balancing food surplus regions, such as the United States. 

Despite relative increases in meat consumption, the world's 
population continues to rely upon cereal grains as the principal 
source of both calories and protein (48). The United States and 
Canada likely will continue to dominate world grain exports in 
coming decades, with Australia, South Africa, Argentina, and 
Thailand also contributing. Developing countries will import 
about two-thirds of this and centrally planned countries most of 
the other third. World trade in high-value crops, such as fruits, 
vegetables, livestock products, and processed grain products, is 
increasing relative to bulk products such as grain and oilseeds 
(179). However, the U.S. share of world trade in high-value 
food products has shrunk while its share of bulk products has 
expanded. 

Temporal Imbalances. World food markets were volatile 
during the seventies compared with the relative stability of the 
fifties and sixties and continue to be volatile during the eighties 
(165, 166, 178). Increasing dependence on world markets 
makes both producers and consumers more vulnerable to 
adverse conditions and increases the pressures for policies that 
protect them from uncertainty. The reasons for the increase in 
fluctuations include weather, regional disparities, and interven- 
tion by governments. The degree of variation in world food 
production changes little from one decade to the next, but the 
geographic location of variation may shift. For example, pro- 
duction in the United States, South Africa, and India became 
more variable during the seventies than it was during the fifties, 
while production in China, Japan, and Argentina became less 
variable (253). Random variation in world food production in 
coming decades is projected, for the purpose of this study, to 
be similar to that of recent decades. Changing levels of trade 
and of institutional arrangements affecting trade, even with a 
continuation of past volatility in production, can lead to 
changes in the volatility of world prices and of regional per 
capita consumption. This study focuses on changes in the vari- 
ability of world food prices and regional trade, not on changes 
in the variability of aggregate world food production. 

Government intervention during the seventies in trade agree- 
ments, subsidies, tariffs, embargoes, and other trade barriers 
disrupted trade flows and affected prices. These actions increased 
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the volatility of world food markets above the level expected 
from weather and trade patterns of the fifties and sixties. U.S. 
food prices were relatively stable during the earlier period 
because government programs maintained prices received by 
U.S. farmers above world prices and therefore free from world 
price disturbances. But U.S. prices were again competitive with 
world prices during the volatile seventies. 

Perhaps the most important source of increasing variability in 
world food trade and prices is the intervention of governments 
{120). It is characteristic of the intervention itself to be volatile, 
in that policy reversals are common. Blandford and Schwartz 
found world food prices to be volatile because of (1) shortrun 
fluctuations in production of developing and centrally planned 
economies and (2) the unresponsiveness of market participants 
to shortrun changes in world price (21). Wheat production and 
wheat prices in the Eastern Hemisphere have traditionally been 
more variable than in the Western Hemisphere. Were there no 
trade between the two regions, the market for farmers in the 
Western Hemisphere would be relatively stable and that in the 
Eastern volatile. With free trade, the two regions would share 
fluctuations in price and quantity; price fluctuations would 
decrease in the East and increase in the West. If governments 
in the Eastern Hemisphere adopt protective policies to meet 
domestic grain needs annually, regardless of cost, and if 
governments in the Western Hemisphere adopt free market 
policies, then a food shortage due to adverse weather in the 
Eastern Hemisphere would be transferred entirely to the 
Western Hemisphere. Fluctuations in price and quantity would 
then be felt in the Hemisphere that was stable under isolation. 
Decisions by governments to protect and to stabilize domestic 
markets, or to impose and then remove embargoes, add to the 
instability of world food markets. 

U.S. farmers experienced an unusual period of price stability 
during the fifties and sixties. Prices received by farmers trended 
downward during that period, but the annual fluctuation was 
moderate compared with prices before or since. The prospect is 
for prices received by farmers to continue to be more volatile 
than during the unusually stable fifties and sixties. 

There are benefits to price changeability. It permits markets to 
signal for resource reallocations and it eliminates inefficient 
firms from the industry. Farmers benefit from the higher aver- 
age price level that usually accompanies uncertainty. However, 
extreme fluctuations can drive firms out of business that would 
have been efficient in more normal times, increase concentra- 
tion of production, and induce windfall gains and losses. A 
high degree of price volatility tends to reduce the efficiency of 
agriculture by causing risk-averse farmers, through informal in- 
surance strategies (like diversification) to produce less than they 
otherwise would. This reduces supplies to consumers and 
results in food prices being higher than they would have been if 
farmers were more certain of future prices. A high degree of 
uncertainty can result in a net loss to society. To the extent that 

food price stability is in the public interest, it may be desirable 
to find ways to share this risk. 

An issue of the late eighties and nineties will be the extent to 
which government programs maintain relative price stability as 
an adjunct to dealing with the problem of maintaining reliable 
export markets for U.S. farmers. At the same time, importers 
of U.S. products want a reliable supply. Government price 
stabilization usually involves, in addition to orderly export and 
import marketing policies, carryover stock management. Tools 
other than stocking include price or quantity controls, variable 
subsidies, and excise taxes. While intervention by a government 
can stabilize its internal market, it is likely to increase price 
volatility in the rest of the world. 

Stock management in the past had price support as an objec- 
tive. Stockpiling to maintain higher prices for farmers will again 
result in either burdensome surpluses or severe supply manage- 
ment programs. If U.S. stocks are to be manageable, and if 
U.S. agriculture is to be competitive in world markets, then 
stock management must focus instead on stabilizing prices 
around the gradually decreasing world level. 

Stock management programs that stabilize prices can be ineffec- 
tive if they seek to stabilize prices within too narrow a range. 
Private speculators will be driven from the market, and market 
signals will not be felt by producers and consumers. At the 
same time, stock management programs must face the twin 
problems of a run of bumper crops, which leads to burden- 
some surpluses, or a run of short crops which reduces stocks to 
zero and permits price escalation anyway (194). 

The world market for U.S. food exports in the coming decades 
is likely to be characterized by increasing per capita consump- 
tion, a continued high level of volatility around a moderately 
declining trend in real food prices, increasing prices paid by 
farmers relative to prices received, and an increasing volume of 
worid trade relative to production. These trends have implica- 
tions for U.S. farmers and consumers. If domestic food prices 
match world prices in coming decades as U.S. farmers turn in- 
creasingly to export markets as a source of growth, then U.S. 
food markets would share the longrun down-drift in prices 
received and feel the effects of future disruptions in word trade. 
But one cannot rule out that per capita food supplies could, in- 
stead, become relatively limited due to faster than anticipated 
increases in demand or to slower increases in supply; or that 
governments could stabilize worid markets. U.S. farm policy 
needs to be flexible enough to adapt. 

The future is uncertain, so this study is not confined to the out- 
come considered most likely. Instead, it examines the implica- 
tions of alternative futures. Two questions which have been dis- 
cussed are: Will real food prices increase or decrease? and, will 
prices become more or less volatile? Out of these two dimen- 
sions, four alternative futures can be described: (1) decreasing 
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real food prices with price stability; (2) decreasing real food 
prices with price volatility; (3) increasing real food prices with 
price stability; and (4) increasing real food prices with price 
volatility. This report considers the implications for U.S. farmers 
and consumers of each of these four outcomes. 

U.S. Agricultural Trade 

U.S. agriculture is solidly linked to the world economy. 
Through that linkage, social, political, economic, and natural 
events elsewhere influence domestic farm production and in- 
come. U.S. agricultural exports have accounted for nearly one- 
fifth of total world agricultural trade since 1973. During 1982, 
88 percent of the soybeans in world trade were exported from 
the United States, 56 percent of feed grains, and 40 percent of 
the wheat. The United States held about one-third of the 
world's wheat carryover stocks and 60 percent of the coarse 
grain stocks. Wheat, corn, and soybeans account for more than 
half the value of U.S. farm exports. Therefore, even though 
exports are important to the growers of several other com- 
modities, the implications for the aggregate income and pro- 
duction of U.S. agriculture of changes in the world food situa- 
tion can be estimated by examining the exports of only a few 
principal crops. 

Two out of 5 acres of U.S. cropland are harvested for export 
markets. A major share of the income to the crop sector 
depends directly on exports. Income to the livestock sector is 
affected indirectly through feed costs. The growth and stability 
of U.S. agriculture have important consequences for world 
food markets. The converse is also true: the growth and stabili- 
ty of world food markets have important consequences for 
U.S. agriculture. 

From one viewpoint, the United States entered this market 
relationship actively—grass roots organizations have spoken in 
favor of (for example, growers of commodities in surplus) and 
against (for example, resource conservationists) increases in ex- 
ports; and government policies have, at different times, con- 
tributed to both increases and decreases in exports. However, 
the United States has tended to play a relatively passive role as 
a residual supplier—expanding exports, increasing production, 
and drawing down stocks when the world food supply is tight; 
and contracting exports, decreasing production, and building 
up stocks when the world situation eases. In relatively stable 
and growing world food markets, such a role can be played 
with a minimum of government intervention. However, when 
world prices become erratic, the resulting buffeting of U.S. 
agriculture induces those who are disadvantaged to plead for 
protection. 

The last time agricultural exports rose to a dominant position in 
U.S. food markets was during the expansion related to World 
War I. By the early twenties, 1 acre in 5 was harvested for ex- 
port. These markets closed during the twenties and thirties and 

by 1940 the United States exported almost no agricultural pro- 
ducts. Following the buildup for World War II, U.S. export 
markets grew unsteadily until, by the late sixties, 1 acre in 5 
was again harvested for export. After World War I, exports 
were mostly for industrial and nonfood uses: cotton, tobacco, 
hides, and tallow. The resurgence of exports following World 
War II, especially wheat, was oriented more toward food. 
Subsequent export growth, during the seventies, shifted em- 
phasis to livestock feed, especially corn and soybeans. The shift 
from food to feed reflects a change in emphasis {torn aid and 
concessionary sales to satisfying the market demands of coun- 
tries with rising purchasing power. 

During the fifties and sixties, while export markets for U.S. 
farm products were growing, U.S. agriculture experienced 
problems of surplus production. Fewer cropland acres were re- 
quired each year to meet domestic needs because of advancing 
technology. While more acres were devoted to exports, other 
acres were retired from crop production under various supply 
management programs. By 1969, when 61 million acres were 
harvested for export, 58 million acres were diverted from pro- 
duction under government programs (74). U.S. agriculture had 
sufficient retired cropland to approximately double its level of 
exports. And that is what happened even though the acres re- 
leased from diversion were not necessarily the same acres used 
to grow export crops. As more land came out of retirement 
during the early seventies more of the harvest was for export. 
Much of the expansion during the seventies was on land that 
had been idle, fallow, or used for growing crops not excluded 
by government programs. There was an increase in double 
cropping and additional conversion of pastureland to cropland. 
There were reductions in the cropland harvested for domestic 
markets, and there were regional shifts in the location of 
production. 

The growth in U.S. export markets during the seventies was 
due as much to supply push (the availability of retired cropland 
and other farm resources and changes in price policy to be 
more competitive in world markets) as to demand pull 
(expanding markets in the USSR and China) (122). The 
United States is an exporter of primary products from its high- 
technology agriculture and an exporter of high-technology in- 
dustrial products such as complex machinery and electronic 
goods. It is an importer of various raw materials and mid- 
technology products. The declining value of the dollar in the 
early seventies helped expand both farm and nonfarm exports 
during the decade just as the rising value of the dollar helped 
to limit exports in the early eighties (145). 

During the seventies, the quantity of U.S. agricultural exports 
rose at an average annual rate of about 8 percent. This pace 
was not sustainable in the long run without sharp changes in 
relative prices, consumers' well-being, and agricultural struc- 
ture; it implied a doubling of exports every decade. The acres 
in reserve had been released during the early seventies and ab- 
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sorbed into production; they were no longer a source for 
growth. The more intensive use of cropland raised concerns 
about soil conservation and environmental quality. Resources 
other than land were needed, and the increased demand for 
inputs by farmers caused them to increase their purchases of 
farm inputs despite increases in prices paid. Increased exports 
resulted in tighter domestic markets and less food at higher 
prices for domestic consumers. The proportion of cropland har- 
vested for export increased to 40 percent by the end of the 
decade from 20 percent at the beginning. In 1980, 68 percent 
of the rice acreage was harvested for export, 65 percent of the 
wheat, 62 percent of the cotton, 53 percent of the soybeans, 
and 30 percent of the corn. 

During the early eighties, the demand for U.S. exports weakened. 
The value of exports fell by 21 percent during 1981-83; about 
half the reduction came from lower prices, the rest from reduced 
quantities. Corn exports peaked at 61 million metric tons in 
1980 and then fell to 47 million in 1983, a drop equivalent to 
the harvest of 5 million acres.^ Wheat exports peaked at 46 
million metric tons in 1982 and then fell to 39 million in 1983. 
Soybeans and products peaked at 33 million metric tons in 
1982 and fell slightly in 1983. 

Nominal prices received for farm exports about doubled during 
1973-74, held steady until 1978, then rose again moderately 
during 1979-81. Prices were generally lower for most major 
farm exports in 1983 than in 1982, but were higher again in 
1984. Sluggish worldwide economic growth contributed to the 
slowing demand for U.S. farm products, and a strengthening 
dollar in world markets added to the prices paid by importers. 
In addition, government policies (mostly by the United States, 
the Soviet Union, and the European Economic Community) 
led to changes in trade flows. The Soviet Union improved the 
feeding efficiency of domestic grain and thereby reduced its de- 
mand for imports. World production of wheat and soybeans 
rose, so the need to import these crops from the United States 
was reduced. Several importing nations, particularly those with 
heavy indebtedness at a high rate of interest, had balance of 
payments difficulties that limited their ability to import. The 
growth during the seventies of markets for U.S. agricultural ex- 
ports came to an end during the early eighties not from the 
U.S. supply side, but from the export demand side. 

The loss of U.S. export markets during this period was not 
unique to agriculture. During the seventies, the value of farm 
exports rose by 16 percent per year, about in line with growth 
in nonfarm exports; exports as a share of Gross National Pro- 
duct doubled during this period. About one dollar in five of 
total U.S. exports is for agricultural products. 

The United States is not only the major exporter of agricultural 
products, it is also a major importer, exceeded only by the 

^A metric ton equals 2,204.62 pounds. 

European Economic Community and the Soviet Union. Eighty- 
five percent of U.S. food consumption is from domestic 
sources, the other 15 percent is imported. The value of U.S. 
agricultural exports has exceeded imports since 1960. During 
the early eighties, the balance of agricultural trade was around 
$25 billion. This trade balance is available as foreign exchange 
with which to acquire nonfarm imports, support capital out- 
flows, and meet U.S. obligations for payments. Exports provide 
expanding markets for domestic products and increasing levels 
of foreign exchange. 

Imports contribute to deficits in the balance of payments and 
they substitute for goods and services that might have been 
produced domestically. When the dollar becomes more expen- 
sive in terms of foreign currency, not only are exports reduced, 
but imports are increased. However, the view that exports are 
beneficial and imports detrimental to an economy oversimplifies 
the issue. Imports are a necessary part of foreign trade. We 
have to import if we expect to export. Exports can draw down 
domestic supplies, make domestic markets tighter, and 
strengthen domestic prices whereas imports can weaken 
domestic prices. Imports can increase efficiency by bringing to 
domestic markets items for which other countries have a com- 
parative advantage. Such imports are called supplementary, or 
competitive imports. They include certain meat products, fruits, 
and vegetables. Imports also provide the domestic economy 
with food products we do not grow domestically, such as 
bananas, coffee, and tea. The latter are called complementary, 
or noncompctitive imports. 

The quantity of noncompetitive food imports has changed little 
since World War II and the year-to-year variations have been 
small. Competitive imports have been growing and fluctuating. 
Competitive imports grew at an annual rate of about 7 percent 
during the late sixties and early seventies. This period of growth 
in imports was associated with: growth in domestic demand for 
all food products; domestic inflation at a time when prices of 
imported foods were relatively steady; and, for the early part of 
the period, acreage retirement under farm price support 
programs. Import prices began to rise during the seventies at 
around 7 percent per year. Competitive imports showed 
considerable year-to-year variation around the midseventies, 
but no further upward trend until the mideighties. 

Exports and competitive imports have both increased and 
become more uncertain. Exports rose faster than imports so 
that until the early eighties there was an increase in real 
net exports. 

A resurgence in exports depends on several factors. (See "U.S. 
Supply Response to Foreign Demand," a later section of this 
report, for a discussion of factors affecting supply.) Demand 
factors that would lead to a resurgence include: an acceleration 
in world population and income, a setback in the expansion of 
world food production, a less expensive dollar, and govern- 
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ment policies and institutional arrangements (undertaken either 
by the United States or by others) that boost exports through 
changes in monetary policy, tax laws, quotas, embargoes, sub- 
sidies, promotions, or aid. Several of these factors appear 
adverse at the present time. For example, the U.S. dollar has 
appreciated relative to the basket of currencies representing the 
importers of U.S. farm products. During 1978-84, the increas- 
ed value of the dollar raised the cost of U.S. products to im- 
porters at an average rate of 5 percent per year in real terms 
(fig. 2). This compares with a decline in the real cost during 
most of the seventies when markets for U.S. exports were ex- 
panding rapidly. 

Longrun prospects are that farm product exports will resume 
their upward trend, but at a slower pace, possibly 3 percent per 
year compared with 8 percent during the seventies {95). Given 
the dependence of U.S. farmers on export markets, particularly 
for wheat, corn, and soybeans, one of the most important fac- 
tors that will determine farm income in coming years is the 
level of, and stability in, food export markets. 

Changes in U.S. agriculture's relationship to the world food 
economy have changed the basis for U.S. farm policy. During 
the thirties, when the forerunners of today's U.S. farm pro- 
grams were put in place, the concern was for a disadvantaged, 
lower income, fundamental agricultural sector. Agricultural ex- 
ports were not significant. Consumers had much to gain by 
assisting the agricultural sector in a closed economy. When the 
agricultural industry was found to be disadvantaged through no 
direct fault of farmers, programs were adopted to transfer in- 
come from the nonfarm to the farm sector. The cost of these 
programs was met by higher consumer prices and by taxes. 
The benefits accrued mostly within the domestic economy to 
consumers (who gained a dependable food supply from an in- 

Figure 2 

Weighted Real Exchange Rate for Farm 
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Source: Agricultural Outlook, May 1985 and earlier issues. 

creasingly efficient domestic agriculture) and to farmers (who 
received transfer payments or prices higher than free markets 
would yield). Landowners benefited from higher land values. 

Fifty years later, the improved incomes of the farmers who pro- 
duce most of the farm products, the changing structure of agri- 
culture toward fewer and more efficient farms, the dependence 
on financial markets, and the dependence of agriculture on in- 
creasingly volatile export markets suggest a reorientation of 
agricultural policies. The older objective of higher prices to pro- 
tect farm income conflicts with the newer objective of lower 
prices to maintain and expand exports. World food prices, after 
adjustment for inflation, are expected to decline moderately 
during coming decades; and domestic agriculture will have the 
potential to produce more than enough for domestic and ex- 
port markets at anticipated prices. For these domestic and for- 
eign reasons, real prices received by U.S. farmers in coming 
decades are expected to continue their longrun decline. Tax- 
payers who tacitly agreed to farm subsidies in a closed economy 
may question supports for crops that are mostly for export. In 
addition, the volatility of the worid food price could be reflected 
in U.S. markets. If U.S. agriculture is to be a reliable supplier 
of food to the world, then new policies to protect it from buf- 
feting in an open economy must be considered as replacements 
for the old policies designed to assist a low-income industry in 
a closed economy. 

Whether the markets for U.S. exports expand or contract, or 
whether they become more stable or volatile, has important im- 
plications for the efficiency of the agricultural system and for 
the distribution of income among farmers, consumers, the 
domestic nonfarm sector, and U.S. trading partners. Changes 
in the world food situation, therefore, have important implica- 
tions for U.S. agricultural policy. In turn, actions affecting U.S. 
agriculture taken during the remainder of the eighties will have 
consequences for what the U.S. and world food situations will 
be in coming decades. 

Domestic Demand for U.S. Farm Products 

From the thirties through the sixties, farmers looked to a grow- 
ing domestic market as the basis for agricultural growth. This 
orientation changed during the seventies. Fluctuations in export 
markets have had far more impact on farm income and pro- 
duction than have the moderate changes experienced in the 
domestic market. Even so, the domestic market now absorbs 
about 90 percent of the livestock output, and 60 percent of the 
output of harvested cropland. Nonfarm businesses closely linked to 
agriculture (agribusiness) account for more of the value added 
to food products than does farming and for more of the jobs 
related to food and fiber processing and handling. The nonfarm 
business and the consumer sectors of the U.S. economy are in- 
timately linked to agriculture and therefore have a stake in 
world food supplies and prices, and in U.S. farmers' adjust- 
ments to world conditions. 
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The size of the U.S. market for farm products varies with 
population, per capita income, income distribution, the price of 
food relative to nonfood items, relative prices among food 
items, and tastes. It also depends on the competition of export 
markets for domestic food supplies. 

Changes in population explain more of the variation in the size 
of the domestic market for food products than do changes in 
consumption per capita. U.S. population growth is slowing; the 
annual rate of growth is down to 0.9 percent and is expected 
to drop further, to around 0.6 percent, by 2000. It may be 
close to zero by the middle of the next century, according to 
projections of the U.S. Bureau of the Census. The domestic 
population may reach its maximum during the next century at 
a level one-third larger than the present level. If per capita food 
consumption remains constant, population growth will increase 
the U.S. market for farm products by only 20 percent over the 
next three decades. Farmers can no longer look to a growing 
domestic population as a major source of growth in the de- 
mand for food. 

Real income per capita is expected to rise over the next three 
decades, and the higher one's income, the more one is likely 
to spend for food. However, people tend to be already well fed 
in developed economies, so a further increase in per capita in- 
come might lead to only small further increases in food pur- 
chases. Changes are more likely to be in quality, or in value 
added after the food products leave the farm, than in addi- 
tional volume of foodstuffs from farmers. The relation of in- 
come to food expenditures in the United States implies that, as 
the economy grows, agriculture also grows, but more slowly 
because people spend most of their additional income on 
things other than food. Agriculture accounts for a declining 
share of the growing total economy. 

The cost of food relative to the purchasing power of an hour's 
work has fallen at an average rate of about 1.5 percent per 
year in this century. The decline has not been steady, however. 
Real food prices fell rapidly during the thirties, rose during the 
forties, and fell again during the fifties and sixties. There was an 
increase in real food prices during the seventies which reflected 
the accelerating exports and tighter domestic food markets. 
When real prices for food rise, people tend to buy less but they 
devote a larger share of their income to food. During the early 
eighties^ the real price of food returned about .to the level of the 
midsixties. The increase in real food prices during the seventies 
may prove to have been a temporary interruption of the long- 
run downtrend. 

If world food supplies become more plentiful, then consumer 
prices will decrease, but not at the same rate for all com- 
modities. The changes in relative prices will induce changes in 
the mix of commodities consumed. For example, the demand 
for grain for food is relatively inelastic, so if supplies increased, 
the resulting price decreases would induce relatively small in- 

creases in consumption. Alternatively, the demand for meat is 
relatively elastic, so if supplies increased, the resulting price 
decreases would induce relatively larger increases in consump- 
tion. Consequently, if there were comparable inducements to 
farmers to increase the supplies of both products, prices for 
grain would fall relative to prices for meat and grain would be 
considered a better buy than it had been. This would induce 
farmers to shift toward less grain and more meat production. 
As a result, per capita consumption of meat would increase 
relative to grain used for food. Therefore, an increase in world 
food supplies could lead to relative increases in the quantities 
of livestock products sold and to relative decreases in the prices 
received for crop products. 

An increase in the domestic demand for food affects U.S. agri- 
culture differently than an increase in export demand because 
of the different proportions of crop and livestock products in 
the two markets. An increase in domestic demand affects all 
commodities more or less equally whereas an increase in for- 
eign demand is mostly for crops, particularly wheat, corn, and 
soybeans. Increased export demand improves the income of 
crop producers, but, because of the impact on feed costs, it 
can adversely affect livestock producers. Slower domestic 
growth relative to exports, therefore, implies redistribution of in- 
come within agriculture favoring crop producers unless changes 
are made in the competitiveness of U.S. livestock products in 
world food markets. 

The net implication of the trends in population, income per 
capita, income distribution, real food prices, relative food prices, 
tastes, and political strategies is that the domestic demand for 
food will rise by less than one-third during the next three 
decades, with most of the increase associated with population 
growth. Domestic agriculture can meet these demands by ex- 
panding production for domestic use by around 1 percent or 
less per year. The productivity of agricultural resources has 
been growing faster than the domestic market, so fewer farm 
resources are needed each year to meet domestic needs. If 
U.S. consumers were the only market for U.S. food products, 
U.S. agriculture would have surplus capacity, low income, and 
continued outmigration of people and resources. 

A number of nonfood uses can absorb resources used by 
farmers. Some of these are within traditional agriculture, such 
as fiber. Others are»not traditional, such as production of gaso- 
line substitutes from farm products (28). Yet others are non- 
farm activities such as forestry, mining, and numerous residen- 
tial, industrial, and urban uses of resources also used by 
farmers. It is technically feasible that some of these uses of farm 
resources—biomass for energy, for example—could absorb a 
large share of the potential output of U.S. agriculture. Such 
large-scale changes are not now considered economically effi- 
cient [306). Therefore, further expansion of export markets ap- 
pears to be the basis for continued growth of U.S. agriculture. 
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Farming is only part of the total food production process. In 
the United States, about 3 million people are employed on 
farms; another 20 million are engaged off the farm in providing 
additional goods and services—in the form of processing, dis- 
tributing, trading, and indirect services to those directly in- 
volved—which add to the final value of food products. Most of 
the agribusiness jobs are associated with providing food and 
other farm products to domestic consumers, fewer than 1 mil- 
lion jobs are associated with food exports (272). 

The incomes of the persons in agribusiness who work for 
domestic food markets are affected differently than the incomes 
of farmers or of the persons in agribusiness who work for ex- 
port markets. A large amount of value is added to food pro- 
ducts on their way from the farm to domestic markets com- 
pared with the relatively little processing or packaging involved 
in most exports. This means that demand for an additional $1 
of farm products (at the farm gate) has far more impact on 
national income and employment if that farm product is for 
domestic consumption than if it is for export. 

The prospect for relatively slower growth of domestic than for- 
eign markets therefore has potentially important distributional 
consequences. Relatively rapid growth in export markets pro- 
vides income and employment to farmers (particularly growers 
of grains and oilseeds), to those who supply inputs to farmers, 
and to those who handle, process, and transport farm products 
for export. But the crowding out of domestic markets when ex- 
ports increase implies a relative tendency toward increased 
unemployment, idle plant capacity, and higher unit costs in the 
marketing sector, unless more processing, packaging, and other 
values are added by agribusiness to U.S. food exports. 

U.S. Supply Response to Foreign Demand 

The future economic environment of U.S. agriculture will be 
fundamentally different than in the past, in part because export 
markets have become more important than domestic markets 
as a basis for growth. The export markets are likely to be 
volatile and there may be extended periods during which they 
grow too slowly to absorb growth in U.S. production. Domestic 
food markets will grow, but more predictably and at a relatively 
slower rate. Traditional export markets, such as for grain and 
oil crops, do not support growth of that portion of the 
agribusiness sector that processes and markets domestic food 
products. 

This study now turns to an analysis of the supply response of 
U.S. agriculture to alternative world food situations, and to the 
implications for farmers, consumers, farm input suppliers, the 
postharvest marketing sector, and foreign trading partners. The 
impacts of exports on agriculture are examined first. Then the 
analysis turns to resource availability and allocation. 

Export markets compete with domestic markets for food. 
Therefore, if exports are to increase without reducing domestic 
use per capita, then either the quantity of resources used in 
agriculture must increase or the productivity of resources 
already in use must improve. These relationships are captured 
in the following equation: 

,        ..   r     ,             ..       (resources used X yield) - exports 
domestic food per capita  

population 

The equation provides useful insights into the world food prob- 
lem and it points to the kinds of data required to describe the 
present situation and to project the future. It relates factors af- 
fecting the role of U.S. farmers in meeting world food needs to 
the prospects for gaining access to additional land, water, 
energy, and technology. 

However, although the relation is widely used, it oversimplifies. 
It fails to recognize the interaction of structural change with pro- 
ductivity. Second, if the analysis is done at a high level of ag- 
gregation, a pessimistic conclusion always follows: if yield does 
not increase faster than a specified rate, then resource use 
limits growth. This same pessimistic conclusion can be stated 
differently: if the use of resources does not expand to a 
specified level then technology limits growth. 

The oversimplifcation can be removed by disaggregating the 
variables in the equation, by introducing other explanatory 
variables, and by allowing for substitutions in production and 
consumption (150). Disaggregation can be by kind of resource, 
regional location of production, type of farm, and type of com- 
modity. Additional explanatory variables include institutional 
considerations such as type of farm organization, tenure, mar- 
ket structure, and government programs. The additional equa- 
tions required to describe the additional variables include those 
that analyze substitutions in consumption and in production 
among resources, regions, and commodities that are induced 
when a bottleneck occurs with respect to a particular resource 
used in a particular region for a particular commodity. When 
analysis penetrates beneath the aggregates, a more optimistic 
conclusion may be reached about the ability of U.S. agriculture 
to meet expanding domestic and foreign demand because the 
analysis then allows for the flexibility and resilience of agricul- 
ture in response to change. The disaggregation can be and 
often is done intuitively with good results. However, to do it 
systematically requires an explicit and detailed economic 
model. The modeling approach was used in this report. 

The considerable opportunity for substitution and adaptation is 
evidenced by past trends. Less labor is used in agriculture in 
combination with more purchased inputs on about the same 
amount of land to increase farm output (269). The effects of 
exports on agriculture, using a model that permits flexible sub- 
stitutions, were examined by Meister, Chen, and Heady, whose 
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conclusion is a compact summary of what detailed and explicit 
models can reveal: 

"The main impact of higher exports is the increase in 
the general price level. Higher prices have the ap- 
parent effect of reducing per capita consumption of 
food. . . United States agriculture can produce these 
high exports. . . Higher commodity prices and land 
rents conform with greater income to the farmers but 
higher food costs for consumers. .. Substantial in- 
terregional shifts occur in land use and cropping and 
in livestock production patterns" (159, page 72), 

Two relatively complex models of U.S. agriculture, involving 
more than 300 equations each, were relied on in this report to 
evaluate the impacts of alternative world food situations. One 
captures the structure of supply and demand in the markets for 
U.S. farm commodities over time. This time-series ERS model 
is called the Food and Agriculture Policy Simulator (FAPSIM) 
(216). The other is a regional mathematical programming 
model that solves for the efficient allocation of land, labor, and 
other farm inputs among agricultural commodities at a given 
time. This cross-sectional ERS model is called United States 
Mathematical Programming Model (USMP) (111, 112, 113). 

Adjustment to Alternative Export Trends 

Three questions were posed for the time-series model concern- 
ing iongrun trends: 

• What happens to U.S. farm prices, volume of produc- 
tion, and income if export markete grow relatively rapidly 
in coming years, as would be expected were the world 
food situation to become relatively tight? 

• What happens to U.S. farm prices, volume of produc- 
tion, and income if export markets grow relatively slowly 
in coming years, as would be expected were world food 
supplies to become relatively plentiful? 

• What hypothetical rate of growth in export markets ap- 
proximates the central scenario wherein real food prices 
are about constant over time, and how does this com- 
pare with current prospects for actual growth in the ex- 
port markets for U.S. farm products? 

A simulation of alternative futures, based on the structure of 
U.S. commodity markets for major crop and livestock products 
over the last decade or two, helped to answer these questions. 
Alternative time paths from 1982 to the year 2000 were ex- 
amined for production and use of major commodities, for 
prices, and for farm income under alternative assumptions 
about the market for U.S. crop exports. The alternative 
scenarios assumed different growth rates in exports: 2 percent 
per year, 3 percent, and so on. Seven crops were included in 

the analysis: wheat, corn, sorghum, barley, oats, soybeans, 
and cotton. Yields per acre increased a little over 1 percent per 
year using yield trend equations. Seven livestock products, 
consumed domestically but not considered for export, were 
also included: beef, pork, young chicken, other chicken, 
turkey, eggs, and milk. 

Scenario 1—Average Growth. If export growth averages 3 
percent per year, the proportion of acreage harvested for ex- 
port by 2000 will rise to 50 percent (fig. 3). Forty percent of 
harvested acreage is for export now, up from 20 percent a 
decade ago. This and the projected 1-percent annual growth in 
domestic markets will about absorb prospective increases in 
domestic capacity. U.S. exports are projected to grow slightly 
below the 3-percent rate during the coming decade, although 
year-to-year variations are expected above and below that 
level. Considering worldwide trends toward increased produc- 
tion, the U.S. share of world production is likely to decrease, 
as is the U.S. share of world trade. However, under the 
3-percent scenario, the United States will continue to be the 
major exporter of farm products during coming decades. 

Growth in exports of 3 percent per year will about absorb the 
potential growth in production, given the expected growth in 
domestic markets. Production would expand to satisfy both 
domestic and foreign demands with little change in consumers' 
real food prices. This suggests that domestic agriculture must 
become increasingly dependent on foreign markets if growth is 
to be accompanied by a balance between the interests of 
domestic consumers and the interests of farmers. Price and in- 
come levels would require little or no support from present 
farm programs were the programs to be continued. This scenario 
implies less than a 10-percent increase in cropland use over the 

Figure 3 
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next two decades, with most of the added acreage for soy- 
beans. (The supply of cropland to meet these needs is dis- 
cussed in the section "Implications for Resource Use in U.S. 
Agriculture.") Consumers would eat more beef, pork, and 
poultry, and more soybean, corn, and barley products than in 
1982, but the domestic food market would be smaller for other 
grain and livestock products. 

Scenario 2 — Slow Growth. If exports rise only 2 percent per 
year for a period of years, the analysis shows that the forth- 
coming food supply would be large relative to demand. We 
would then find ourselves with food surpluses, downward 
pressure on prices received by farmers, and deep concern for 
moving excess resources out of a depressed agriculture. 
Farmers would produce less wheat, corn, soybeans, and cot- 
ton, and about the same amount of livestock products com- 
pared with average growth (scenario 1). Real prices received by 
farmers would decline for all commodities. Farm income and 
land values would decline relative to what they would have 
been with stronger export markets. If advanced technology 
continues to be adopted, then many resources now used in 
agriculture might not be required. For example, less cropland 
will be used in 2000 than in 1982 if exports expand no faster 
than 2 percent per year. There might be incentives to expand 
exports and pressures to continue programs that support farm 
income. If present farm programs were to continue, deficiency 
payments based on the gaps between market prices and target 
prices would constitute a large share of farm income. Domestic 
consumers, however, would benefit from plentiful food supplies 
and lower real prices; they would spend a smaller share of 
disposable income for more food, and the volume handled by 
the marketing sector would increase. 

Scenario 3 —Fast Growth. If, instead, export markets rise at 
an annual rate of 4-5 percent per year, we would find our- 
selves in a situation of scarce and costly food supplies with 
deep concerns for where to find the resources to expand pro- 
duction. Demand would be large relative to supply. There 
would be little or no incentive to seek further acceleration in 
demand. Real food prices would increase. Livestock product 
consumption would probably decline but dairy product con- 
sumption would be sustained and more wheat products would 
be consumed. Consumers would pay a larger share of income 
for a smaller quantity of food than under the 3-percent 
scenario, and the volume of food products handled by 
agribusiness would decline. Consumer groups and the 
marketing sector would have the incentive to limit price in- 
creases and to divert more of the farm output into domestic 
markets. Such actions were suggested during the seventies 
when the rise in prices received by farmers took part of the 
blame for domestic inflation. 

Farmers and farm input suppliers benefit from scarce world 
food supplies and rapid export expansion. Crop farmers would 

receive more benefits from expanding exports (of grains and 
oilseed crops) than do livestock farmers, and the larger and 
more efficient commercial farmers receive more benefits from 
programs that protect agriculture than smaller commercial 
farmers. Farm income will increase sufficiently under the 4- and 
5-percent scenarios so that deficiency payments, if present farm 
programs are continued, will not be required. More resources 
would be needed and higher prices would be paid for them. 
Acreage planted would increase by about 20 percent above the 
1982 level under the 5-percent scenario and land values would 
rise. The potential to convert this much land to cropping uses is 
high according to the 1982 National Resource Inventory. 
Pressures against natural resources would reduce yields slightly 
relative to the 3-percent scenario despite the inducement of 
higher prices received to increase yields. The proportion of 
acreage harvested for export would rise to around two-thirds of 
harvested acreage by 2000 and agriculture would be very 
dependent on foreign markets. 

U.S. farmers experienced pressures not unlike the fast growth 
scenario during the seventies and the slow growth scenario 
during the eighties. In the long run, growth of export markets is 
expected to average within the range of 2 to 5 percent, and if it 
does the agricultural system has enough flexibility to adapt to a 
wide range of alternative economic situations. However, the ac- 
companying changes in relative prices will induce redistributions 
of income among consumers, the marketing sector, farmers, 
resource suppliers, and U.S. trading partners. Simulations out- 
side the range, for example at 1 percent or 6 percent, indicated 
that the stress on agriculture would be great and structural 
changes would be induced beyond the powers of the model to 

The main conclusions reached with the aid of the simulation 
over time concerning the U.S. supply response to alternative 
world food situations are: 

• The domestic market does not support a growing farm 
sector. The growth and economic health of U.S. agricul- 
ture depends increasingly on the growth and reliability of 
export markets. 

• Export growth sufficient to absorb increases in output 
without depressing prices requires that export markets 
grow close to 3 percent per year. With such growth, the 
acreage harvested for export would rise to 50 percent by 
the end of this century, making U.S. agriculture even 
more dependent on world markets. 

• Current prospects are that U.S. crop exports will grow 
slightly under 3 percent per year in the coming decade 
and that the capacity to produce crops for export will 
grow by slightly over 3 percent. Therefore, agriculture 
has the capacity to meet expected demands even at 
moderately decreasing real prices received. 
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• Growth of less than 2 percent per year in export markets 
is unlikely for the long term. Were growth to fall much 
below the trend of 3 percent, we could expect plentiful 
food supplies for domestic consumers but, in the absence 
of farm income and price support programs, depressed 
farm incomes, capital losses, and shifting of resources out 
of agriculture in search of better economic opportunities 
in the nonfarm sector. 

• Growth of more than 5 percent per year in export mar- 
kets is unlikely for the long term. Were growth to rise 
much above the trend of 3 percent, we could expect 
higher real food costs to domestic consumers and reduced 
consumption of livestock products relative to crop pro- 
ducts. Livestock growers would sell fewer products at 
higher prices; crop growers would sell more at higher 
prices. Farm income would be high enough to eliminate 
payments and supports under present farm programs (ex- 
cept perhaps for dairy). Capital gains would accrue to 
landowners. 

• Resource availabilities and prospective advances in tech- 
nology seem adequate to support domestic markets that 
grow in line with past trends and export markets that 
grow between 2 and 5 percent per year. If exports grow 
less than that, the agricultural sector could again become 
distressed, with low prices and incomes. If export markets 
grow more than that, various social, institutional, struc- 
tural, and distributional problems could beset agriculture 
long before natural resource availability becomes limiting. 
Considerations are likely to arise such as how to maintain 
balance between consumer and farmer interests, between 
livestock and crop growers, and between landowners and 
land users as relative prices change for commodities and 
resources. 

Reallocation of Scarce Resources 

Additional questions were posed for the cross-sectional model 
concerning the allocation of agricultural resources among com- 
modities and regions under alternative export situations: 

• What regional adjustments are likely in commodities and 
inputs in response to a change in crop exports? 

• What regional adjustments are likely in commodities and 
inputs in response to a change in the volatility of export 
prices? 

• What might happen to the supply of commodities for for- 
eign and domestic use when more resources are made 
available to agriculture, or when technology advances? 

The second and third questions are treated in the subsequent 
section on "Implications for Resource Use in U.S. Agriculture." 

The cross-sectional analysis of the first question both com- 
plemented and supplemented the time-series analysis and is 
discussed here. This part of the analysis is based on simulations 
of four alternatives to the present situation, with 30, 60, and 
90 percent more exports than now and with 30 percent less, 
using present technology. The time path for adjusting to the 
alternative conditions was not examined. One can imagine it 
would take a decade or two for farmers actually to make the 
indicated adjustments. 

The cross-sectional and the time series simulations describe the 
demand for commodities in about the same way. The com- 
modities included in the two analyses are about the same. The 
cross-sectional analysis includes rice and disaggregates some of 
the livestock products. For example, it separates beef into fed 
beef, nonfed beef, veal, and cull cows. However, on the supply 
side, the cross-sectional analysis is based on a fundamentally 
different kind of analytical framework than the time series 
analysis; it uses different data and logic. For example, it 
recognizes more wide-ranging adjustments in resource use in 
response to changing relative prices than does the time series 
analysis. Consequently, while the two approaches overlap in 
some respects, they provide different perspectives for dealing 
with the questions posed. Only the time-series results have 
been discussed so far. The following paragraphs present the 
cross-sectional results and include comparisons with the time- 
series results. 

Both simulations indicate that a more limited world food situa- 
tion with a higher export level will improve farmer incomes, 
reduce domestic consumer welfare, induce shifts toward 
relatively less livestock products in domestic diets, and create 
capital gains for owners of farm assets. And both indicate that 
U.S. agriculture has the potential to meet the market demands 
likely to be placed on it in coming decades. 

An increase in exports of cash crops will improve farm income, 
but the gains will be mostly for crop enterprises. Livestock 
enterprises will face higher feed costs, which will reduce live- 
stock production and, despite higher prices received, income. 
Each 10-percent increase in crop exports would induce about a 
2-percent increase in cropland, 2-percent increase in hired 
labor, and 0.2-percent decrease in pastureland use after suffi- 
cient time had elapsed for all the reallocation adjustments to be 
made. Cropland rental and wage rates would increase. The use 
of most purchased farm inpute would increase as exports in- 
creased, but fewer inputs would be required in the declining 
livestock sector. For example, the use of pastureland, grazing 
land, and veterinary services would decline. Expanding crop 
exports would lead to increasing demand for farm inputs 
resulting in higher prices paid by farmers and in improved in- 
come for the owners of farm inputs. 

The cross-sectional simulation is in agreement with the time 
series in showing that U.S. agriculture has the ability to respond 
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to substantial growth in exports. Assuming no change from 
present technology, a doubling of crop exports would require a 
20-percent increase in cropland after all allocative adjustments 
are made. This is well within the availability of land with a high 
potential for conversion. If an allowance were made for tech- 
nological advance, then less additional land would be required. 

The supply response to expanding exports is accomplished, ac- 
cording to the simulations, mostly by increases in production, 
although there are some reductions in domestic use and stor- 
age. The supply response is more elastic (more responsive to 
price changes) in the cross-sectional analysis than in the time 
series. This is an example of how the equations in an economic 
model can predetermine whether an analysis will arrive at an 
optimistic or a pessimistic conclusion. The cross-sectional 
simulation incorporates considerable opportunity for resource 
and commodity substitution of the kind expected as agriculture 
approaches longrun general equilibrium. It therefore indicates 
relatively more production and less price response to a change 
in exports. The time-series simulation indicates relatively more 
price and less production response. Price increases associated 
with expansions of exports by 30-60 percent above the base 
level induce more production of cash crops according to the 
cross-sectional study (an elastic supply response). The supply 
response is moderately inelastic for further export increases: 
that is, production cannot rise much more, even when en- 
couraged by higher prices. For the time-series study, however, 
the supply of cash crops is relatively inelastic throughout the 
entire range examined, so increased demand raises prices more 
than production. 

Prices would increase for both crops and livestock as crop ex- 
ports increase. Higher prices for feed grain would limit the use 
of feed for livestock, so a reduced quantity of livestock pro- 
ducts would be supplied to consumers at higher prices. The 
supply of corn is more elastic than the supplies of soybeans, 
oats, and barley, so the price of corn would increase less than 
in proportion to prices for the other feed grains. Corn would 
replace some of the sorghum, oats, and barley used to feed 
livestock. 

Consumer welfare changes are similar in both simulations 
because both use essentially the same domestic demand struc- 
ture. As exports of cash crops expand, consumers pay higher 
prices and a larger percentage of income for less food, par- 
ticularly less livestock products. 

The supply response of U.S. agriculture displays important 
regional variations. Figure 4 shows relative changes in net in- 
come (gross income less variable cost) for 10 multistate regions 
in response to a 30-percent increase in the exports of all crops. 
The relative gains would be greatest in the Northern Plains and 
Mountain regions. The figure shows changes in net income, but 
the cross-sectional model includes additional detail. The North- 
ern Plains region would lose more of its value of livestock pro- 

duction than other regions, but this would be more than offset 
by gains from increased production of wheat and corn. The 
Mountain region would produce more corn both for export and 
as feed for cattle, thus realizing gains in both crops and live- 
stock receipts. Growth in income would be lowest in the Pacific 
region where strong gains in crops would be about offset by 
losses in the value of production of livestock. The Northeast 
region would lose only slightly in livestock receipts but would 
be the least able region to profit from the expansion in crop 
exports. 

Distributional Consequences 

The flexibility of U.S. agriculture to adjust to a wide range of 
alternative export situations shifts the concern from the feasibil- 
ity of producing enough food to the prospect for substantial re- 
distributions of income as agriculture adjusts to changes in its 
export markets. Alternative world food situations have impor- 
tant implications for the distribution of benefits and losses 
among consumers, the marketing sector, farmers, resource sup- 
pliers, and U.S. trading partners. 

Consider the distributional implications of another world short- 
fall of feed grains, for example, such as was experienced during 
the seventies. Many variables would be affected; while each in- 
dividual change caused by a shortfall of feed grains is plausible 
enough once it has been noted, the collection of all changes as 
the economic forces multiply through the economy form a 
complex pattern, which can be traced by the cross-sectional 
model. The consequences of an increase in exports favor some 
groups and slight others. As the world price of a relatively 
scarce commodity increases, the United States, as a residual 
supplier, would increase its exports. This would draw down 

Figure 4 

Regional Change in Net Farm Income in 
Response to a 30-Percent Increase in Crop 
Exports 

Northern 

Northeast 
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stocks, reduce the domestic supply of grain, and increase the 
domestic price. More resources would then be attracted to pro- 
duce the scarce commodity. Part of the added resources vvould 
come from reduced inputs into other eommodities, but ag- 
gregate resource use would increase. Derived demands for 
land, labor, and purchased farm inputs would increase. This 
would be accompanied by more intensive land use, additional 
problems with soil erosion, and increased use of farming prac- 
tices harmful to environmental quality. Factors prices would 
rise. More land would be used at higher rents, more labor at 
higher wages, and more purchased farm inputs at higher prices 
paid by farmers. Costs of production would increase for all 
commodities as a consequence of the higher prices paid. 
Diminishing returns would add to the unit costs of producing 
more of the relatively scarce commodity. 

Resources would be drawn from the production of other com- 
modities. Reduced supplies of other commodities would in turn 
cause their prices to increase. Consequently, prices received by 
farmers would be higher than they would otherwise be for all 
commodities, not just for the commodity that was relatively 
scarce. With inelastic domestic demand, and an expanding ex- 
port market for grain, prices received would rise more than 
prices paid and farmers' profits would increase. 

Consumers would pay more and get less. There would be a 
reduced flow of food through domestic marketing channels. 
This need not offset the effect of higher retail prices on mar- 
keting profits. But, because most postharvest value added is for 
domestic rather than export markets, the reduced flow would 
idle some plant and equipment in the food and kindred prod- 
ucts industry, which, in turn, would cause unemployment and 
increase unit costs. Some industries involved directly with ex- 
ports of the scarce commodity, however, would 
gain—transportation facilities, for example. Exports of other 
commodities than the one initially in scarce supply would 
decline in response to their increase in price. 

The expansion in export demand for one commodity results in 
reduced exports of others and higher prices for all. The 
changes have an adverse effect on domestic consumers, the 
domestic marketing sector, and importers of other commod- 
ities. However, they benefit farmers, resource owners, and sup- 
pliers of purchased farm inputs. 

Now turn the example around. If, as was experienced during 
the eighties, foreign and domestic markets do not increase 
rapidly enough to absorb potential increases in U.S. agricultural 
production at present real food prices, prices will tend to 
weaken for aH commodities. This would hurt farmers by re- 
ducing income and limiting their incentive to invest. If the 
weakness is in world grain prices, livestock producers could 
profit from lower feed costs. Moderation in the demand for 
farm inputs would reduce the value of land, labor, and capital. 
Input suppliers would suffer capital losses and reduced incomes 

while consumers and trading partners benefit from lower prices. 
The domestic marketing sector would benefit from an increased 
volume of processing, transportation, and marketing services. 

As export markets become an increasingly major segment of 
the total market for U.S. farm products, U.S. policies may 
need to focus not only on the steady growth in the size of the 
markets but also on the substantial potential for changes and 
reversals in world food trade to redistribute income. 

Iinpacts of Volatile World Prices 

Volatility from foreign sources has affected agriculture through- 
out this century. The major exception for U.S. farmers was 
during the fifties and sixties, when massive U.S. government 
intervention stabilized domestic farm prices above world prices 
and therefore above prices that would have existed without 
commodity programs. Price support programs and accumulated 
commodity surpluses kept prices within narrow ranges. During 
the seventies, domestic U.S. policies allowed world price fluc- 
tuations to affect domestic prices more directly. Since 1972, 
the world food balance has oscillated between excess supply 
and excess demand. Reduced world grain stocks, bad weather 
in some parts of the world, and policy changes in major 
importing and exporting nations resulted in highly volatile grain 
prices during the seventies. Developed and underdeveloped 
countries alike discovered their potential vulnerability to short- 
run changes in food prices, and many countries devised trading 
strategies to insulate and protect themselves. 

Variations in wheat and corn prices are shown in table 1. The 
table shows two periods of relative price stability: before World 
War I and after World War IL While the variation of the seven- 
ties was not high compared with that before World War II, it 
was high compared with 1951-71 for both wheat and corn. 
Comparison of pre-1950, open-pollinated corn prices with 
subsequent hybrid corn prices may be misleading, but both the 
corn and wheat price series tell approximately the same story. 

Price variation in table 1 reflects changes in domestic produc- 
tion and consumption in addition to influences of world prices. 
Even so, changes in domestic prices received by farmers were 
correlated with world price fluctuations when domestic pro- 
grams kept prices close to world levels, and prices were 
relatively stable when programs supported prices within a nar- 
row range above worid levels. Prospects for transmitting a con- 
tinued high degree of price fluctuation from world markets to 
domestic farmers, particularly for crop products, has implica- 
tions for U.S. farmers' decisions on production and income. 

World grain stocks in 1970 were about 15 percent of annual 
use compared with 20 percent in the early sixties, increasing 
the sensitivity of prices of changes in production. World grain 
production fell by about 3 percent in 1972, partly because of 
adverse weather in some parts of the world, including the 
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USSR, and partly because of continued production controls in 
the United States. In a major policy shift, the Soviet Union 
entered the world market in mid-1972 to purchase 23 million 
metric tons of grain—about 60 percent of it from the United 
States. World grain stocks fell to 12 percent of annual use by 
the end of 1972. While conditions stabilized to some extent in 
1973, a 1974 drought reduced U.S. corn production and con- 
tributed to a 4-percent decline in world grain production. 

Price shocks were extreme. The rapid transition from surplus 
stocks to shortages caused grain and soybean prices to reach 
record high levels. Those high prices benefited crop producers 
but proved unprofitable to the livestock sector. Sharply rising 
food prices and unrelated political considerations led the United 
States to embargo certain agricultural exports, straining long- 
standing trade relationships. 

Many farmers, expecting permanently higher prices and in- 
come, were encouraged to make large capital investments to 
expand production. The expansions usually required more 
debt. There was a steep downturn in prices in 1976 and 1977 
as production improved and stocks increased. Although in- 
comes increased in 1978 and 1979, they fell 30 percent in 
1980 as inflation-induced increases in expenses cut into gross 
incomes. Increased production and slackening export demands 
further cut farm prices and incomes in 1981 and 1982, and in- 
creased wheat and corn stocks. 

Floating exchange rates, adopted by world financial organiza- 
tions in 1972, contributed another source of instability that had 
not been present during the fifties and sixties. Yield variation 
due to natural causes increased in the seventies in some 
regions as grain production expanded onto arid land. And 
more of the previously existing variation was transmitted to 
world markets because of protective trade policies adopted by 
both grain exporting and importing countries. Carryover stocks, 
held primarily by the United States, played a major role in the 
price swings. The depletion of these stocks by the mid-seventies 

magnified the destabilizing effects of world production shortfalls. 
By the end of the decade, however, U.S. grain stocks were 
again relatively large and helped stabilize the world grain mar- 
ket. In addition, farmers and private traders were turning more 
to futures markets, options, and other financial strategies to 
share the risk of volatile grain prices. 

Now that the food crisis of the seventies is over, each major 
price change can be seen, in hindsight, as a special case that 
need not be repeated. Even so, world price and trade fluctua- 
tions continue and policies have not yet been adopted by major 
food traders to stabilize world prices and trade in the event of 
another crisis. The potential for world food price volatility likely 
will continue and may even increase in coming decades. We 
are not likely to return to the relative stability of the fifties and 
sixties. 

An important source of price volatility affecting U.S. farmers 
comes from overseas. Individual farmers can only adapt to 
these changes. However, price-stabilizing influences come from 
several sources. Natural buffers, such as increases and decreases 
in the size of the livestock sector, can absorb variations in grain 
production. Farmers and traders can protect their positions 
using futures or options markets. Institutional buffers, such as 
private grain speculation and stabilization policies by govern- 
ments, can absorb shocks. Consumers, in response to price 
signals, can reduce consumption in times of shortage, consume 
more grain relative to livestock products, and reduce waste. 
Regional shortages can be shared by increased trade. And the 
shortages, themselves, subsequently can induce increased pro- 
duction. If all of these are insufficient, and if prices received by 
U.S. farmers continue to reflect a high degree of price volatility, 
then the resulting adverse effects on farmers and consumers 
imply a need for the U.S. government to insulate U.S. farmers 
from the price volatility. 

It is not clear if world weather patterns are becoming more 
volatile. The geographic location of variation may shift, but 

Table 1—Instability of wheat and corn prices, 1900-1982 

Period 

Wheat 

Average Standard Coefficient 
of 

variation price deviation 

Dol. per 
bushel 

0.82 0.14 17 
1.12 .49 44 
1.41 .58 41 
1.73 .31 18 
3.13 .91 29 

Corn 

Average Standard 
price deviation 

Dol. per 
bushel 

0.54 0.13 
.80 .34 

1.12 .47 
1.23 .19 
2.30 .56 

Coefficient 
of 

variation 

1900-15 
1916-38 
1939-50 
1951-71 
1972-82 

23 
42 
42 
15 
25 

Source: Tom Miller et al. {166). 

19 



Clark Edwards 

there is no evidence that aggregate world food production is 
more or less uncertain than it was. Changes in policies in- 
fluence the way regional variations In local production affect 
the world price. U.S. production tends to be more stable than 
world production as a whole. The increasing reliance of U.S. 
agriculture on exports makes prices received by farmers more 
sensitive to changes in the import and export policies of others. 
It was prices, not world production, that became more volatile 
during the seventies than during the fifties and sixties. 

Farm specialization and increased international trade make 
many countries more dependent on world markets. This in- 
creases the volume of world trade relative to production {95, 
253, 293). The increases in volume of trade can be accom- 
panied by relatively larger fluctuations; for example, to maintain 
and upgrade diets during periods of adverse weather requires a 
temporary increase in imports. Policies that stabilize the food 
supply for one country make the market more unstable for 
other countries. A country may achieve stability for itself by 
maintaining or increasing its purchases of food in times of 
shortage and dumping the excess in times of surplus. Several 
countries have set up protective trade barriers that stabilize their 
internal agriculture but destabilize markets in the rest of the 
world. The USSR, EEC, Argentina, and Australia have followed 
policies in jrecent years that transmitted domestic variations into 
world markets (20). Government intervention in world markets 
can be a major source of market volatility. 

As world prices become volatile, the tendency is for less devel- 
oped countries to become cautious and use restrictive trade 
practices. These actions further exacerbate volatility for other 
countries. At the same time, the degree to which developed 
economies share the burden of adjustment to fluctuations 
through free trade declines as their share of world consumption 
declines. 

Volatile prices in world food markets, when transmitted into the 
U.S. economy, afíect decisions made by U.S. farmers. Farmers 
who are risk averse treat increasing uncertainty like an increase 
in the cost of production, or like a decrease in the price received 
for a product. They cope with uncertainty by diversification, 
flexibility, reluctance to borrow and invest, off-farm employ- 
ment, and other actions that may reduce production and effi- 
ciency and may limit investment. Price uncertainty and income 
variability affect the financial positk>n and vitality of individual 
farm businesses as well as farmers' ability to follow soil conser- 
vation practices. Increased variation In world food prices 
reduces the U.S. supply of cash crops by risk-averse farmers 
(111, 113, 165, 166). Supply also becomes more inelastic as 
the degree of volatility increases. The reduced willingness to 
supply crops at a given price leads to higher prices received by 
farmers. This encourages more output but not enough to offset 
the reduction due to uncertainty. The higher prices lead to 
reduced quantities of crop products used in food, feed, and ex- 
port markets. Income to crop enterprises improves, but the 

reduced demands for farm resources reduces the income to 
resource suppliers. Higher feed costs reduce income to the 
livestock enterprise. 

Net income (gross income less variable costs) increases slightly 
for agriculture as foreign markets become more uncertain, but 
the regional impacts vary (fig. 5). With a doubling of the stan- 
dard deviation of prices received for export products, income 
would increase as total U.S. cropland declined {after all ad- 
justments were completed, according to the cross-sectional 
analysis) as farmers protected themselves from the increased 
risk; however, crop acreage In some regions would increase. 
The Southeast would realize the largest relative income gain 
because expansion in acreage harvested would tend to in- 
crease ouiput there. The Corn Belt would realize the largest 
relative loss because a decrease in acreage harvested would 
reduce output by more than enough to offset the higher price. 

An increase in price volatility would reduce the supply of food 
and increase the concentration of farm production (166). The 
proportion of larger farms would increase as would the propor- 
tion of part-time farms with off-farm income. There would be 
an increase in the income of farmers who produce crops for 
export. But the total acreage in crops would decline because 
some crop farmers would have smaller enterprises, and there 
would be fewer farmers. Livestock farmers would be hurt by 
higher feed costs. Beyond the farm gate, increasing variability 
of farm prices would add to the costs of postharvest processing 
and handling and would increase consumer prices. Suppliers of 
inputs to farmers would experience reduced demands. 
Domestic users and trading partners pay higher prices to con- 
sume less when international food markets become more 
changeable. 

Figures 

Regional Change in Net Farm Income in 
Response to a Twofold Increase in Uncertainty 

Northern 
Plains Lake 

Northeast 
0.1% 
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Many public policies affect price and income stability: interna- 
tional trade policies, price support programs, grain reserve pro- 
grams, credit programs, market information and outlook ac- 
tivities, and Federal income tax laws. As the major grain ex- 
porter, and with its domestic markets open to world price in- 
fluences, the United States is the main shock absorber in world 
grain markets. Few other countries operate grain storage pro- 
grams capable of reducing world price variability. Grain carryover 
stock management has moderated the effects of instability, but 
sometimes it augmented the shocks as well. Countries with no 
stocks above the level needed for normal use have added to 
the instability of world food markets during temporary periods 
of shortage or abundance. U.S. stockholding, large as it is, is 
sometimes insufficient to bring a noticeable degree of stability to 
world markets. 

If U.S. agriculture produced only for domestic markets, then 
domestic stabilization policies to protect farmers against domes- 
tic sources of instability could work as they did in the past. But 
U.S. farmers now produce increasingly for world markets. This 
raises an interest in whether domestic policies can protect 
farmers from a buffeting by world price instability. 

Carryover stocks could be involved if stability were desired. 
Management of the stocks would reflect judgments, such as 
described by Eaton, about competing public objectives (53). 
Government-managed stocks can protect farmers from low 
prices and consumers from high prices as markets become 
more volatile. However, all policies have side effects. For ex- 
ample, price stabilization under a stock management program 
can induce a shift in the supply function for agriculture which 
raises output and reduces prices received by farmers. 

Consider a price stabilization program that acquires stocks at a 
specifled support level and disposes of them at a higher, 
specified release level. Such a policy appears to be able to pro- 
tect farmers from extremely low prices and consumers from ex- 
tremely high prices. Eventually, however, a run of short crops 
is sure to come. Stocks would go to zero and there would no 
longer be any mechanism for keeping a lid on prices. Or a run 
of bumper crops would come. Then stocks would become 
unacceptably high and there would no longer be any mechan- 
ism, short of supply control, for keeping a floor under prices. 
This view of stockpiling has been modeled by Plato and Gor- 
don (193, 194). Any program that stabilizes prices through 
stock management runs the risk eventually of either depleted 
stocks or unacceptably burdensome stocks. The question 
becomes: what situations and what management strategies in- 
crease the probability of maintaining prices within prescribed 
bounds? 

An increasingly tight world food situation increases the prob- 
ability of holding either too much or too little stocks for effective 
stabilization. The reason for that is that a tight world food situa- 
tion induces agriculture to produce at a level close to capacity, 

making the supply more inelastic. The more inelastic the supply 
of farm products, the less farmers can adjust to price changes, 
and the more the burden of adjustment will fall upon the sta- 
bilization program. An increasingly volatile world food market 
also increases the probability of holding either too much or too 
little stocks because the greater variance increases the likelihood 
of a run of high prices or of low prices. Once either event is 
realized, the probability of subsequent occurrences increases. 
For example, once stocks have gone to zero, it is more likely 
that the market price will again rise above the release price 
before the depleted storage stocks can be replenished. 

If farmer interest groups press for high support and release 
prices, and consumer groups for low ones, the resulting com- 
promise could be a fairly narrow range between the support 
and release prices. A narrow range increases the probability of 
experiencing prices above or below the range, and increases 
the expected annual cost of operating the programs. In addi- 
tion, a narrow range drives private storage operations and 
speculators out of the market, so the government finds itself 
taking over most of the country's storage function and taking 
over a larger role in determining price. To keep private storage 
operations in business, to give futures and options markets an 
opportunity for risk sharing, to keep the cost of operating the 
program low, and to keep the probability of either kind of pro- 
gram failure low, the support level may have to be lower than 
many farmers would like and the release level higher than 
many consumers would like. Increasing the support price 
relative to the expected price increases the probability of ac- 
cumulating too much. If supports raise the domestic price 
above the world price, U.S. exports would tend to lose their 
competitiveness in world markets and other countries could ex- 
pand production to meet the world demand; the U.S. share of 
world food trade could shrink. Similarly, reducing the release 
price relative to the expected price increases the probability of 
depleting stocks altogether. 

Continued world grain market volatility is expected in coming 
decades. The structure of world grain trade is increasingly 
dominated by state trading organizations, bilateral agreements, 
and other trade restrictions that limit supply and demand ad- 
justments in much of the world. If more markets become in- 
sulated from world prices, an increasing adjustment burden will 
have to be meet by those not insulated, especially the domestic 
U.S. market. 

Implications for Resource Use in U.S. 
Agriculture 

Growth in the production potential of U.S. agriculture depends 
on the availability of resources to farmers and on the produc- 
tivity of those resources. It is affected by agriculture's flexibility 
in reallocating resources and shifting regional location to ac- 
commodate a changing economic environment and changing 
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economic incentives. And, production is affected by institu- 
tional arrangements such as regulations affecting resource use, 
tax laws, and farm programs. Factors determining growth in 
agricultural production are examined in the following sections. 

The analysis that follows supports the view that "the productive 
capacity for both agricultural and forestry products will be ade- 
quate to readily sustain increases in output to meet projected 
global demand for U.S. products to 2Q00" {58), U.S. 
agriculture is not likely to increase appreciably its use of natural 
resources in coming decades, although close attention will be 
required to maintain and conserve what is now in use. Some 
additional cropland is available to be developed and it may be 
needed. The annual use of irrigation water on arid lands, 
which was a major source of agricultural growth during the past 
three decades, is not expected to increase very much during 
the next three, although irrigation increases are expected in 
humid areas. The exodus of labor from farm to nonfarm jobs is 
apparently over. Labor retention will likely increase as export 
markets expand, yet the supply of agricultural labor should be 
adequate. Growth in farm production will depend heavily, as it 
has during the past three decades, on increased use of pur- 
chased farm inputs. These are expected to be available from 
the nonfarm sector at prices about in line with changes in the 
real prices of producer goods and services. Energy prices, how- 
ever, could again be a source of increasing real cost to U.S. 
agriculture before the close of the century. A number of tech- 
nological advances, if developed and adopted, are expected to 
improve the productivity of resources used in agriculture. 

For these reasons, which are elaborated below,  U.S. 
agriculture is expected to have the ability to meet the domestic 
and foreign market demands likely to be placed on it in coming 
decades. 

Land 

To obtain sufficient growth in production to meet prospective 
market demands for U.S. farm products in coming decades, 
the natural resource base used by farmers will need to be main- 
tained or moderately increased. Maintaining the present natural 
resource base will require active continuation of conservation 
and development programs, else the base could diminish and 
needed capacity would not be available. While the aggregate 
level of the natural resource base need not become limiting, 
natural resource problems of a local or regional nature can be 
anticipated such as reduced level of irrigation water in one 
county, or heavy losses to erosion in another. In addition, re- 
source development will be required to offset shifts of resources 
from agriculture to nonfarm uses. 

About one-fifth of the U.S. land area is cropland and another 
one-fourth is pasture and range. Of these, cropland is the more 
useful indicator of farm capacity because a greater share of the 

value of farm output depends on crops either as final farm pro- 
ducts or as inputs to livestock enterprises. 

The 1982 National Resource Inventories (NRI) estimated that 
there were 421.4 million acres of cropland in the United States 
compared with 413.3 million in 1977. An additional 35.3 mil- 
lion acres (8.3 percent of the total) is considered to have a high 
potential of conversion to cropland, about the same as the 
36.2 million acres so considered in 1977. An additional 117 
million acres (27.9 percent of the total) is considered to have a 
medium potential for conversion compared with 90.8 million in 
1977. Counting land identified with low potential for conver- 
sion plus other private and federally held land that is crop- 
pable, it is feasible that U.S. cropland could more than double. 
But to do so would not be the most efficient way to expand 
output. There are other uses for the potentially available land 
than food production, and there are many opportunities for us- 
ing the present land base more intensively. Conversion is not 
without costs and conversion of much of this land may not 
prove cost effective. Much of the feasibly convertible cropland 
has problems with seasonal high water tables, high-density 
forest, stone or rock outcrops, low fertility, lack of dependable 
water, high erosion, flooding, or is located on small or isolated 
tracts. 

Cropland may be increased by 17 percent above the 413.3 
million acres inventoried in 1977 before conversion difficulties 
and accompanying high conversion costs are encountered 
(138).  Applying Lee's estimate to the 1982 inventory of 421.4 
million acres suggests that some 70 million acres of cropland 
might be added on a cost-effective basis. 

The potential to convert other lands into cropland has always 
been available to U.S. agriculture. During the past half century 
there was insufficient economic incentive to use this potential. 
Cropland harvested was 349 million acres in 1982, close to the 
maximum ever harvested of 361 million acres in 1932. The 
growth of U.S. food production was governed by growth in the 
size of markets and not by natural resource availability. Produc- 
tion grew by more intensive use of the same land area: higher 
yielding varieties, supplemental irrigation, double cropping, and 
other management practices. 

More intensive land use may be a more economical means of 
meeting growing demands than developing more land (25). 
Boxley presents double cropping, a practice that is not 
widespread but shows signs of expanding, as an example. 
Fourteen million acres were double cropped during 1982, up 
from 4 million in 1969. In 1983, when cropland harvested was 
reduced by 56 million acres, the double-cropped acreage was 
reduced by only 2 million acres. An increasingly common prac- 
tice is to plant soybeans following another crop such as wheat. 
Twenty-two States report at least some double cropping of soy- 
beans. In Georgia, South Carolina, Florida, and Alabama, 
nearly half of the soybeans were double cropped in 1982. 
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Use of double cropping is related to: (1) adoption of faster 
maturing plant varieties; (2) improvements in machinery capac- 
ity and efficiency plus use of artificial crop drying to permit 
earlier harvest and faster seedbed preparation for a second 
crop; (3) expanded use of herbicides and pesticides; (4) less 
tillage (minimum- or no-till) which permits immediate reseeding 
following harvest; and (5) favorable soil moisture conditions 
during the relatively narrow period available for planting soy- 
beans following a small grain crop (25). Unfavorable moisture 
conditions during this period is probably a major explanation 
for the year-to-year variation in the proportion of double- 
cropped soybeans in some States. Supplemental irrigation to 
assure quick seed germination may be important. Double crop- 
ping requires careful management, but there are no apparent 
physical constraints to further expansion of double cropping in 
the Southern States, or, with development of quicker maturing 
varieties, to double cropping in more northerly States. Double- 
cropping practices affect wheat and soybeans in a 1-year rota- 
tion and include corn in a 2-year rotation. These three crops 
are important in meeting prospective export demands. 

During the past 50 years, agricultural production was not 
limited by a lack of land. On the contrary, the problem was 
usually how much land to idle to limit price-depressing com- 
modity surpluses. Perhaps the most influential factor affecting 
shortrun variation in the quantity of cropland was government 
supply management programs. In 1969, when cropland har- 
vested was 75 million acres below the 1932 maximum, 58 mil- 
lion acres were diverted under government programs. Diverted 
acres are mostly held in conservation uses and pasture but 
farmers are sometimes permitted to grow crops on them like 
soybeans and sunflowers. Because of such programs, there is 
not a one-to-one correspondence between acres going into 
diversion and acres coming out of production. In 1983, 83 
million acres were diverted under the payment-in-kind (PIK) 
program and harvested acreage was about 55 million acres 
below that of a year earlier. The United States found itself 
limiting food production while other countries were trying to 
produce more. 

The stability in the aggregate level of cropland conceals con- 
siderable regional change, which can be explained not only by 
regional variation in potential cropland but also by regional 
variation in comparative advantage, impacts of Federal pro- 
grams, and competition by the nonfarm sector for farm re- 
sources (167). Although the aggregate amount of cropland has 
changed little over the past half century, the amount used by 
an individual farmer, a county, or a region is not fixed. There 
are year-to-year changes in the amount of cropland that is 
double cropped, not harvested because of crop failure, held in 
summer fallow, left idle, or used for pasture and hay. Some 
land that had been idle for several years is again used to grow 
crops. Some cropland is converted to higher-value uses such as 
residential or industrial, while some is converted to pasture or 
forest. Some pasture land has high potential for conversion to 

cropland. A relatively small amount of forestland has potential 
as cropland. The social cost of converting other land into crop- 
land includes not only the actual cost of conversion but also the 
opportunity cost of not keeping the land in its present use. 

Each of the 10 multistate farm production regions of the 48 
contiguous States reduced acreage during the sixties from a 
post-World-War-II high and then expanded again during the 
seventies, a period of rapidly expanding export markets (fig. 6). 
The Southeast, which had contracted more than other regions 
from its post-World-War-II high, expanded by 38 percent dur- 
ing this period. The Northeast expanded least, by 11 percent. 

Five regions (Corn Belt, Lake States, Delta, Mountain, and 
Pacific) contracted moderately during the sixties and then ex- 
panded rapidly during the seventies. Their levels of cropland 
use rose, by the early eighties, above the previous highs. Four 
regions (Northeast, Appalachia, Southeast, and Southern 
Plains) contracted sharply during the sixties and subsequent ex- 
pansions remained below their postwar highs. Cropland use in 
the Northern Plains returned to about its postwar high. 

The Delta and Mountain regions were found by Lee to have a 
relatively large physical potential for additional cropland (139). 
The Northeast is unique in having not only sharp contractions 
in acreage in recent decades but also a relatively small potential 
for additional cropland. The Lake States, Corn Belt, Pacific, 
and Northern Plains showed strong growth during the past 
decades but the land available there for additional conversion is 
relatively moderate. 

During 1949-69, when total cropland dropped by 9 percent, 
785 counties had cropland gains and 2,332 had losses. During 

Figure 6 

Regional Change in Cropland Harvested, 
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the seventies, when cropland increased by 3 percent (and 
cultivated land by 16 percent), 1,875 counties had cropland 
gains and 1,232 had losses (109). These changes indicate a 
considerable amount of turnover in land used for crops despite 
the stable total area of cropland. Increases in cropland from 
conversion and development are about offset by conversion of 
cropland to urban uses, ab?ndonment, and other uses. Prime 
agricultural land may be converted to urban uses and replaced 
by land of lower quality. Some of the land abandoned in one 
year is returned to cropland use in another year. Cropland 
reclaimed by farmers after abandonment may be less produc- 
tive than it once was. This recycling can be associated with an 
eventual deterioration in the quality of cropland; however, 
much former cropland is never returned to agricultural uses. 
The relation of the use of fragile lands to the ultimate capacity 
of U.S. agriculture is explored in the following section on "Soil 
Erosion and Export Growth. " 

Additional cropland is scarce for some regions and some com- 
modities. However, there seems to be no obstacle to expanding 
the total quantity of cropland to 17 percent above the levels of 
the past half century at competitive costs of conversion if it is 
needed to meet expanding domestic and foreign markets. 
"Although thousands of acres of farmland are converted an- 
nually to other uses. . .we are in no danger of running out of 
farmland" (263). The time series and the cross-sectional anal- 
yses used in this study suggest that the cropland base is ade- 
quate to meet any market demands that may reasonably be ex- 
pected during the next two or three decades. There are limits 
to the land base, but other problems discussed in this report 
would dominate before those limits are reached. 

If U.S. exports were to increase by 90 percent above their pres- 
ent level, about 40 million more acres of cropland would be re- 
quired, using current technology, after all resource and regional 
adjustments to the change were completed, according to the 
cross-sectional study. This is within the limits of potentially con- 
vertible cropland but it implies use of extremely fragile land for 
some crops in some regions. A similar (but more detailed) 
analysis by English, Alt, and Heady reached a similar conclu- 
sion (55). When that study allowed for future technology, such 
as agriculture might be expected to use during the next cen- 
tury, it found that exports could double during the next few 
decades and domestic plus export needs could be met using 
less cropland than now. 

If U.S. exports increase by around 3 percent per year until 
2000 (to a level 70 percent above the 1982 level), and if yields 
continue to increase in line with past trends, the time series 
analysis suggests that about 10 percent more cropland will be 
requited. Export growth of around 2 percent per year (to a 
level 40 percent above the 1982 level) could be met with about 
the same amount of cropland now used. Present expectations 
are that actual exports will fall within this range of 2-3 percent 
average annual growth. If, instead, exports grow at an annual 

rate of 5 percent per year to 2000 (to a level of 140 percent 
above the 1982 level) 22 percent more cropland will be re- 
quired. This higher rate of export growth is not expected, but if 
it occurred, it would stretch land use to a level only moderately 
above the readily convertible level of 17 percent; well below 
the 30-percent potential in the high- plus medium-conversion 
categories. 

These projections, 50 years of history, and the fact that a large 
amount of cropland was diverted from production in 1983 
under government supply management programs all suggest 
that cropland availability will not limit agricultural expansion 
during the next two or three decades. U.S. agriculture can find 
additional cropland if it is needed. The larger question is: how 
might the present land base be reallocated among alternative 
and more intensive uses? A substantial increase in exports 
might encourage conversion of more land into agriculture but 
the major effects would be changes in the land use pattern of 
existing cropland and increases in land rents. Concerns would 
then focus less on the quantity of land brought in to meet in- 
creasing export needs than on the extent to which rental rates 
rise, capital gains accrue to landowners, and income is 
redistributed. 

It is not known how much additional land would be offered to 
agriculture if farmers were willing to pay more for it than they 
now do. It is reasonable to assume, however, that the supply 
of land in the aggregate is relatively inelastic. A moderately in- 
elastic supply function for land was assumed in the cross- 
sectional study. Results were then compared with a highly in- 
elastic supply function for land. An increased rigidity in the 
availability of land resulted in a more inelastic supply of farm 
commodities. A more inelastic supply of land means that agri- 
culture is likely to respond to an increase in export demand 
with higher prices instead of increased output. The major effect 
was on prices; the total level of and pattern in production was 
little changed when the elasticity of the land market changed. A 
change in the demand for farm products was found to have far 
more impact than a change in the supply of land on land use 
patterns. 

While expanding export markets increase the value of crop- 
land, the effect on pasture and range is different. Exports are 
mostly of crops and crop products. When the world food situa- 
tion tightens and crop exports increase, domestic markets also 
tighten and retail prices increase. This reduces the domestic 
market from what it otherwise would be for livestock as well as 
for crops. The narrowing market for livestock reduces the rental 
value of pasture land, and less is used; possibly 2 or 3 percent 
less in response to a 90-percent surge in exports, after all ad- 
justments are made. 

When export markets are growing relative to the growth in 
farm production, one response to the resulting tight food situa- 
tion can be to increase the quantity of cropland. An increase in 
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the supply of cropland would lead to increased output, thus 
easing the pressures of a tighter world food situation. To the 
extent that land is a substitute for other farm inputs, such as 
labor and purchased inputs, the increased use of land can 
reduce the demand for these and reduce prices paid for them 
(or limit price increases that would have occurred if additional 
land had not been developed). However, labor and purchased 
inputs are, in general, complements with land, so more non- 
land inputs would likely be used at higher prices paid. An in- 
creased supply of cropland reduces land rents just as increased 
output reduces prices received. 

An increase in the supply of pasture land, instead, induces pro- 
duction of more beef, particularly nonfed beef, which domestic 
consumers substitute for other meats. Some adjustments in 
food, feed, and export markets for crops are induced, but little 
change occurs in the aggregate use of, or rental rates for, 
cropland. 

There is a potential to convert additional land into agricultural 
uses if it is needed. Other problems will likely arise, however, 
before land availability limits the growth in farm output even if 
there are moderately decreasing real prices received by farmers. 
The more inelastic the adjustment in land to an expansion in 
the market for food products, the higher that food prices are 
likely to rise. On the other hand, programs to develop 
agricultural land when the demand for food is not changing are 
likely to have more of an impact on prices and income distribu- 
tion than on the quantity and mix of farm output. 

Soil Erosion and Export Growth 

There seems to be enough land available to meet anticipated 
export demand, even assuming some loss in cropland due to 
depletion of soil and ground water resources. However, a ma- 
jor export expansion over the next two or three decades would 
encourage farmers to bring fragile lands into production. The 
extent to which erosion becomes a problem as exports expand 
depends on where cropland expansion occurs. This depends, 
in turn, on which commodities are exported. Soybean and cot- 
ton exports will create more erosion problems than wheat ex- 
ports will. 

The amount of potentially erosive land that might be converted 
to crop use varies widely among regions. Some of the most 
severe problems are associated with parts of the Northern 
Plains, High Plains, Corn Belt, Delta, and Central Plains. 
However, susceptibility of potential cropland to erosion varies 
among these regions. Virtually all the potential cropland likely 
to be used if soybean production expands in the Delta is 
eroding by more than 5 tons per acre per year. Nationally, less 
than 5 tons is considered acceptable; but the acceptable rate 
varies among regions. The Corn Belt has more erosive acres 
that can be converted to cropland than the Delta, but it also 
has more nonerosive acres. Therefore the relative potential for 

erosion is greater in the Delta. In contrast, expansion of wheat 
production in the Northern Plains presents few erosion 
problems. 

The most damaging recent increases in soil erosion came from 
expansion of soybeans in the Delta and dryland cotton in Texas 
as the export markets for these crops grew. Next to Texas, 
Tennessee and the Delta States have the highest potential for 
severe erosion. Since 1972, Texas cotton acreage has risen 
from 40 to nearly 50 percent of U.S. cotton acreage. Although 
most Texas cotton is irrigated, declining water tables and higher 
pumping costs are causing shifts to dryland farming. Wind ero- 
sion on dryland cotton is rarely less than 25 tons per acre per 
year. There is no shortage of land in the High Plains to meet 
expanding cotton export demands, but growth will occur on 
fragile soils. 

About 10 percent of current soybean acreage erodes at critically 
high rates. If exports rose by 90 percent, soybean acreage likely 
would increase by 30-50 percent in each of the major soybean- 
producing areas (111). Ogg estimates that roughly half of the 
new production would likely come from soils eroding at 4 or 5 
times the levels considered acceptable [184). Production on 
these fragile soils is generally not sustainable even with heavy 
investment in conservation practices. 

Expanding and changing markets could lead agriculture to a 
position of unsustainable growth. This pessimistic outcome can 
be avoided by expanded investment in soil conservation meas- 
ures, such as terraces, reduced tillage, and stripcropping on the 
half of the cropland in use which is moderately erosive and is 
responsive to management practices. Eight percent of the crop- 
land in use is so inherently erosive that it will not sustain con- 
tinued cropping. Volatility of export markets tends to dampen 
incentives to adopt conservation practices and to increase the 
likelihood of erosion problems. 

About half of the potential cropland is so erosive that it is prob- 
ably not treatable at any reasonable cost. If these lands are 
used they will be depleted, so a sustained rise in exports cannot 
be based on them. Measures to direct some of the new produc- 
tion to the substantial acreages of potential cropland that are 
less susceptible to erosion include requirements that farm pro- 
gram participants avoid new cultivation on fragile lands, or 
targeting price support acreage reductions to fragile areas. 
Perhaps one-half to two-thirds of the total erosion problem 
could be addressed through modification of commodity and 
conservation programs. 

It is possible to use presently available land to meet future ex- 
port demands without pushing natural resources to the limit. 
But there could be soil erosion and productivity problems for 
some crops in some regions. Those problems, if disregarded, 
could limit agricultural capacity in the longer term. Crosson and 
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Brubaker argue persuasively that public intervention is justified 
in order to avoid loss of capacity through soil erosion (46). 

Irrigation 

Additional irrigation is not likely to be a source of agricultural 
growth in coming decades as it was following World War II. 
However, there could be increases in output from additional 
supplemental inrigation in humid areas. A likely scenario for 
U.S. irrigation for coming decades is to use about the same 
amount of water more effectively to support an increasing 
quantity of production at higher unit costs. 

Nearly 51 million acres were irrigated in the United States dur- 
ing 1978, consuming more than 93 million acre-feet of water 
(an average of 22 inches of water per irrigated acre for a total 
of about 6.5 trillion gallons). About 54 percent of the irrigation 
water is from surface watercourses and the rest is pumped from 
ground water aquifers. Agriculture accounts for 84 percent of 
the water used in the United States. 

In many parts of the United States, irrigation is necessary for 
crop production. In the arid parts of the West, there is no 
choice but to irrigate, and the irrigation water requirements per 
acre are higher than the national average. Crop production in 
Nevada is 100 percent irrigated; in Arizona, 99 percent. In 
seven Western states, more than 60 percent of the crop pro- 
duction is irrigated. Those States are, in order of percentage ir- 
rigated: Nevada, Arizona, California, Utah, Wyoming, New 
Mexico, and Idaho. 

Fourteen States, each irrigating over 1 million acres per year, 
consume nearly 90 percent of the irrigation water. Twelve of 
these States are in the arid West. They are, in order of acres ir- 
rigated: California, Texas, Nebraska, Idaho, Colorado, Kansas, 
Montana, Oregon, Wyoming, Washington, Arizona, and Utah. 

In humid regions where irrigation water requirements are below 
the national average, there is room for choice and substitution. 
Irrigation supplements rainfall in order to increase intensity of 
land use, improve yields, and insure against drought {8), 
Florida and Arkansas are humid States that each use sup- 
plemental irrigation on over 1 million acres per year. 

Certain crops rely more on irrigation than others. For example, 
100 percent of rice production is irrigated. Eight classes of 
crops are reported in the agricultural census that are more than 
50-percent irrigated. They are, in order of percentage irrigated: 
rice, orchards, potatoes, sugar beets, vegetables, berries, alfalfa 
seed, and green beans. Exports are an important source of de- 
mand for some of these, but only rice is a major export crop. 

Corn uses more irrigated land in the United States than any 
other crop, about 20 percent. Corn, hay, and small grains used 
for feed together use neariy half the irrigated cropland. Irrigated 

grains are important in export markets. However, irrigation is 
more important in the support it gives the large domestic feed- 
livestock economy. Soybeans, which are important in exports, 
use only about 3.6 percent of irrigated cropland. 

If world food supplies become tight in coming decades, one 
way to meet additional food needs is through increased irriga- 
tion. Irrigation increases yields and, more important, it permits 
cropping on land that would not otherwise be cropped. The 
U.S. average yield for irrigated wheat is 92 percent more than 
for dryland; irrigated corn is 20 percent more. Irrigated soy- 
beans is only 5 percent more, which may explain why so little 
soybean production is irrigated. Rice production would be vir- 
tually eliminated if there were no irrigation. 

When the acreage planted to a given crop is increased by ir- 
rigation, a regional relocation is usually implied. This location 
effect explains why a yield-increasing expansion in irrigation 
sometimes may appear to reduce the U.S. average yield. The 
added irrigated acreage generally is not in the same region that 
contains most of the production. Corn illustrates this point. Ir- 
rigated corn yields in Iowa are only 2 percent more than dry- 
land yields there. In New Mexico, irrigation raises yields by 119 
percent, yet the irrigated yield in New Mexico is 15 percent less 
than the dryland yield in Iowa, Therefore, as corn production 
expands on irrigated land in New Mexico, the aggregate U.S. 
yield is reduced. 

When crop exports increase, Horner found that most of the 
added production is on dryland. A 90-percent increase in ex- 
ports, assuming constant yields, would require 25 percent more 
dryland and 7 percent more irrigated land after all adjustments 
to the chiinge are complete (J 05). The quantity of irrigated rice 
is highly responsive to variations in exports because all rice is ir- 
rigated. For example, additional soybeans and cotton would be 
irrigated for smaller increases in exports. But only for the high- 
export scenarios would resource constraints be tight enough to 
induce extensive irrigation of corn and wheat. A lack of irriga- 
tion water is not likely to limit the ability of U.S. agriculture to 
meet export demands during the next two or three decades, 
according to this cross-sectional analysis. However, tight world 
food supplies, and consequently higher prices received by 
farmers, would increase the prices that farmers are willing to 
pay to irrigate. 

The availability of additional irrigable land is less limiting than 
water. There is more irrigable land than the 50,8 million acres 
now in use, but we will be unlikely to increase the quantity of 
irrigation water much above the 93,1 million acre-feet now 
used. A doubling of inrigated acreage during the past three 
decades supported considerable expansion in agricultural pro- 
duction. Prospects for additional growth in this way are limited. 
Most of the less costly supplies of surface water in arid regions 
have already been developed, and the real cost of water is like- 
ly to rise. The distance that water must be moved from its 
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source to the point of use is increasing as is the cost of energy 
to move the water. However, the water supply is more man- 
ageable in humid areas such as Georgia, Florida, and Arkansas 
than it the arid West. "As water is becoming an increasingly 
limiting factor in the dry regions of the West, a significant 
potential of further development lies in the humid regions of 
the East" (9). 

An increase in supply of water offered to farmers at present 
prices would not induce much of an increase in farm output. 
Similarly, a decrease in the supply of water would not reduce 
output much. The demand for water by farmers is estimated to 
be relatively inelastic, so small changes in the availability of 
water have more of an effect on the price of water than on the 
quantity used. Consequently, a shift in either the supply of 
water or the demand for farm products has greater implications 
for the redistribution of income among water users and water 
suppliers than it has on the quantity of water used. 

Agricultural use of irrigation water in coming decades will prob- 
ably be about the same volume as now. New water sources will 
probably be about offset by reductions in existing supplies. 
Reductions in the level of use may come from a loss of present 
supplies, contamination, and competiton with nonfarm uses. 
Disposal of wastes at industrial impoundments and solid waste 
disposal sites is the major source of ground water contamina- 
tion. If prices received by farmers increase relative to energy 
costs, there will be an incentive to pump more ground water. 
Too much pumping could threaten longrun prospects for a 
stable water supply (107). 

The value of water in nonfarm uses is.increasing. Under these 
economic pressures, the institutions now in place to allocate 
water among alternative uses might be modified to allow in- 
creased municipal and industrial use of some of the water now 
used by agriculture. 

The institutions used to allocate water among alternative uses 
are proving disruptive during the transition from cheaper to 
more expensive water according to Frederick and Hanson (72). 
The U.S. Water Resources Council concluded that if present 
national patterns of water use continued, conflicts would arise 
for which no simple solutions would be available; attempts to 
correct a problem in one region may compound other prob- 
lems in the same or in other regions (287). 

To the extent that the institutions that allocate water among 
alternative uses become relatively more like free markets, 
several things likely would happen. Water prices to agriculture 
would increase and water would be used more efficiently. The 
same amount of water might be applied to more acres, but 
more nonagricultural competition for water would bid some water 
away from agriculture. The latter likely would be the most im- 
portant response in some regions. Higher marginal costs of us- 
ing water and increasing marginal returns for producing scarce 

food products would lead to a reallocation of water within agri- 
culture as well as between farm and nonfarm uses. High-value 
crops such as vegetables and fruits would bid water away from 
crops grown for the feed-livestock economy. However, unless 
the domestic or foreign demand for high-value crops increases, 
this would not occur to a great extent because the markets can 
easily be saturated. Irrigated feed and food grains would 
replace irrigated forage crops. Dryland crops would replace 
some irrigated crops. Free market allocations of water between 
farm and nonfarm uses would result in higher unit water costs 
for farmers, increased concentration of irrigated agriculture, and 
a net reduction in the use of irrigation water (168). 

The output of irrigated crops from present water supplies can 
be increased in various ways. More efficient application systems 
are being developed and present systems can be used more ef- 
fectively. Adoption of "waste management" facilities and prac- 
tices can increase the effective supply of water sufficiently to 

Resolving Water Use Conflicts 

During the late 19th century, farmers found that diversion 
of scarce water from rivers and streams for irrigation 
created conflict among users. They organized into water 
districts to build water storage and conveyance facilities. 
The Federal Reclamation Act was enacted by Congress 
in 1902 to authorize the Bureau of Reclamation to 
build irrigation projects in the West. Projects under this 
program now irrigate about 24 percent of the irrigated 
acreage in the 17 Western States. Most of this water 
has been developed and allocated to farmers by govern- 
ment decree; market forces of supply and demand 
were not considered. 

Two systems of legal rights to water have developed in 
the United States: the riparian doctrine and the ap- 
propriative doctrine. Under riparian rights, owners of 
land contiguous to a watercourse have a legal right to 
divert and beneficially use that water. They do not 
forfeit the right to water by not using it. This system 
confines irrigation to land contiguous to watercourses. It 
applies in some Western and most Eastern States. 

Appropriatiue rights were developed in most Western 
States to permit water to be used on productive land 
not contiguous to a watercourse. This system ranks 
rights by the order of filing the claim to the water. The 
junior appropriator must reduce use of water first in 
times of shortage. The appropriative right can be lost if 
it is not used. The resulting pattern of water rights 
allocates some water to uses whose value is less than 
the value of the water. 
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meet the additional water requirements associated witli a 
90-percent increase in exports. The incentives to increase the 
volume of output from the present quantity of water are not 
high given present price ratios and the institutions affecting 
water allocation. Higher and more stable world food prices 
would increase these incentives. Lower and more uncertain 
real food prices would reduce incentives. 

Purchased Farm Inputs 

Availability of farm inputs is expected to be sufficient for agri- 
cultural growth during the next two or three decades. The total 
inputs into U.S. agriculture have been relatively constant in re- 
cent decades, but the mix of inputs has changed. Farmers are 
using more purchased inputs and less labor on the same 
amount of land (table 2). Nearly three-fourths of cash receipts 
are used for the purchase of farm inputs now compared with 
around one-third three decades ago (4). 

Output has been increasing even though total inputs have been 
relatively constant. The productivity increases of recent decades 
are highly correlated with the increases in expenditures by 
farmers for purchased farm inputs (table 2). The availability of 
inputs and services from the nonfarm sector of the economy 
during the next two or three decades will be more important in 
determining the capacity of agriculture relative to market 
demands for food than the availability of natural resources and 
labor. Backward linkages, from farmers through farm input 
markets to the nonfarm sector, are primarily for machinery, 
materials, chemicals, energy, and various services such as 
transportation, real estate, and financial services. These link- 
ages are a little stronger for crops than for livestock and there- 
fore are responsive to changes in the export markets for crops. 
A relatively tighter world food situation tends to improve in- 
come and employment in the nonfarm sector that supplies pur- 
chased farm inputs. 

The nonfarm sector now supplies most of the farm inputs. 
Growth in agricultural production will depend to a major extent 
on the offers to farmers of materials, machinery, information, 
and various kinds of services, including financial services. 
Farmers do more bargaining in their factor markets than they 

Table 2—Index of farm inputs and productivity (1977 = 100) 

Year Alt Nonpurchased Purchased Productivity* 

1940 97 176 50 52 
1950 102 166 61 60 
1960 98 131 74 77 
1970 97 107 88 87 
1980 103 99 106 100 

* Ratio of index of farm output to Index of all Inputs times 
100. 

Source: Andrllenas and Torgerson (4). 

do in their product markets. They negotiate land prices, con- 
tract rents, make bids on machinery, and shop around for the 
best deal on chemicals and seeds. Often, local input markets 
involve only a few buyers and a few sellers, so the markets for 
many farm inputs tend to exhibit imperfect competition, oli- 
gopoly, or sometimes monopoly. Farmers can exert some in- 
fluence on the prices they pay for inputs even when they are 
price takers in their product markets. 

Prices that sellers of farm inputs are willing to accept are often 
affected by opportunities to sell the same or related goods and 
services to the nonfarm sector. Manufacturers, for example, set 
prices of farm machinery with recognition of opportunities for 
sales to construction firms of other equipment they manufac- 
ture. Prices in the farm input markets, therefore, are influenced 
not only by the demand for farm products, but also by the 
prices of nonfarm producer goods and services. The nonfarm 
sector is expected to have the capacity to supply farmers with 
the quantities of inputs needed to meet growing domestic and 
foreign demands for food; the prices famers pay for purchased 
farm inputs will be determined in part by what happens to the 
level of nonfarm producer prices. 

Although export expansion increases the demand for machinery, 
meeting the expected increases with little change in real prices 
is not beyond the ability of resource suppliers. Gunjal and 
Heady estimated that a rise in the annual increase in exports to 
5 percent per year from 3.75 percent per year would result in 
only a 0.5-percent increase in investment in 1990 for tractors 
and other machinery, and approximately a 1.5-percent in- 
crease in investment in harvesting machinery (92), 

If the world food situation were to become tighter than antici- 
pated, one strategy for expanding output would be to increase 
the supply of purchased farm inputs. It is therefore useful to 
analyze the effects of such an increase. The distributional effects 
of an increased supply of inputs tend to counter the effects of a 
food scarcity. Lower prices paid for purchased inputs would in- 
crease farm production, mostly for crops at first. Prices received 
would decline, and consequent reductions in feed costs would 
induce further increases in livestock production. The increased 
flow of farm commodities at lower prices would result in in- 
creased domestic consumption, an increased volume of pro- 
cessing and marketing, and increased exports. With purchased 
inputs relatively less expensive than land and labor, there 
would be more intensive land use and an accelerated release of 
labor to nonfarm jobs. This, in turn, would weaken land values 
and wage rates. Prices received by farmers would decrease by 
more than the increase in output so cash receipts would drop; 
reduced costs would be more than offset by the drop in gross 
income and net income would fall. Consumers, food handlers 
and processors, and importers would benefit (through increased 
quantities at lower prices) from the increased supply of pur- 
chased farm inputs. 

28 



U.S. Agriculture's Potential 

Energy is critical to agricultural growth. Until the early seven- 
ties, energy was plentiful and cheap. Since the energy crunch 
of 1973, this is no longer true. The real price of oil could rise 
during 1985-90 {135, 167). If farmers pay higher real prices for 
petroleum, natural gas, and electricity, they can keep energy 
expenditures in check by using energy conservation practices 
and adopting alternative energy sources: solar heating and 
cooling, photovoltaics, wind energy, and liquid and gaseous 
fuels from crop and livestock wastes. New tractors, combines, 
and farm vehicles will be more energy efficient than the equip- 
ment they replace. The horsepower of tractors is increasing so 
that more work can be done with less labor. Placing fertilizer 
(for which natural gas is a prime feedstock) precisely where it 
will be used conserves energy relative to broadcast techniques. 
Other crop and fertilizer management systems also allow crops 
to use fertilizer more efficiently, by mixing fertilizer with 
sprinkler water, for example. 

Conservation tillage involves fewer preplant operations, disturbs 
the soil less, and leaves more crop residue than conventional 
tillage practices. No-till involves no soil disturbance except for 
planting. Reduced-till includes a variety of alternative systems 
that leave a measurable amount of crop residue and reduce soil 
disturbance. Conservation tillage rose from 2.3 percent of the 
harvested cropland in 1965 to 10.8 percent by 1975 and 25 
percent by 1982. The use of conservation tillage likely will dou- 
ble over the next decade. While conservation tillage offers great 
promise in conserving soil, it will not become widespread until 
farmers become more familiar with the techniques, until 
farmers' fears of lower yields are overcome, until new her- 
bicides are developed to insure adequate weed control, and 
until research solves problems associated with larger quantities 
of residue (56). Conservation tillage reduces the demand for 
energy and increases demand for manufactured inputs; it is not 
likely to have a significant longrun effect on the yield of most 
crops. 

The U.S. food system, from production to consumption, uses 
approximately 13 percent of the Nation's energy. The real price 
of world oil likely will increase over the next two or three 
decades. As petroleum prices increase, two adjustments can be 
expected. First, users of oil will shift to other sources, such as 
electricity (increasingly from coal) and natural gas. Eventually, 
liquid and gaseous synthetic fuels from coal and oil shale may 
become important. But given the economic risks of heavy in- 
vestment in synthetic fuel facilities, these fuels might not be 
produced without some form of government guarantee. Sec- 
ond, over the longer run, energy users will continue to invest 
in energy-conserving devices and practices, thereby substituting 
relatively less expensive capital and labor for the more expen- 
sive fuels. It could take as long as 8 years for adjustments to a 
fuel price shock, such as experienced in 1973, to be completed 
by the economic system; it would take even longer for synthetic 
fuels to adjust (167). 

Higher world oil prices generate interest in alternative sources 
of fuel. Gasohol is of particular interest to agriculture both as a 
potential market for grain, especially corn, and as a competing 
use for feedstuffs. In 1980, Congress passed the U.S. Energy 
Security Act appropriating funds and providing tax incentives 
with an objective of producing 10 billion gallons per year of 
gasohol by 1990, or 10 percent of total U.S. gasoline con- 
sumption. When corn is used for gasohol production, two ma- 
jor products are produced: ethanol and distillers' dried grain 
(DDG). DDG, with a protein content of 22 percent, is a substi- 
tute for soybean oil meal as a supplement in livestock feed. 
Thus, as ethanol production increases, soybean acreage is ex- 
pected to decrease. Some of these soybean acres will be 
planted to corn. 

LeBlanc and Prato estimated that if more corn is produced for 
ethanol, soybean production would drop (136). Prices received 
for both corn and soybeans would increase, as would net farm 
income. Side effects include higher food prices to consumers, 
higher feed costs to the livestock sector, and reduced grain and 
soybean exports. Despite government incentives for gasohol 
production (a direct Federal subsidy of 5 cents per gallon, 
Federal construction subsidies and tax advantages, and exemp- 
tion from some State gasoline taxes), gasohol is not competitive 
in the marketplace and is unlikely to play a major role in total 
energy production. 

Another alternative fuel source is oil shale. Large deposits of 
oil-bearing shale are in western Colorado, Wyoming, and east- 
ern Utah. Development of the oil shale industry could benefit 
the Nation's economy if the associated economic risks are con- 
tained (180). Financial and economic feasibility of oil shale ex- 
traction do not appear possible before about 1995 (135). How- 
ever, political disruption in the Middle East could cause world 
oil prices to reach a breakeven level for oil shale at almost any 
time. The same is true for synthetic fuels from coal. 

The impact of limited energy supplies and rising energy costs 
on U.S. agriculture could be pervasive. Most heavily hit likely 
would be irrigated regions of the West that are dependent on 
ground water pumping, areas heavily dependent on sprinkler 
irrigation, and areas of the Corn Belt where grain drying is ex- 
tensive. Fertilizer use may stabilize or decline. Irrigated agricul- 
ture will probably adjust to higher energy and water costs in the 
short run by substituting additional capital and labor for energy 
and, in the long run, by switching to crops with lower energy 
and water requirements. Grain producers may grow shorter- 
season varieties and turn to alternative energy sources such as 
solar drying. 

Higher real energy prices will probably limit growth in newly ir- 
rigated acreage, especially from ground water sources. As real 
energy prices increase, the economic supply of ground water 
for irrigation will be reduced. An increase in exports, however, 
with concomitant increases in real commodity prices, would 
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ailow continued pumping of ground water. Another depression 
of real prices (similar to the 1982-83 drop) would idle some ir- 
rigated land in arid regions while land in moderate rainfall 
areas, such as the Great Plains, would revert to dryland farm- 
ing. Energy supply disruptions can cause temporary changes in 
food production but are not expected to limit U.S. agriculture's 
ability to meet the domestic and foreign demands likely to be 
placed on it during the next two or three decades {135, 167). 

Farmers are responsive to changes in the prices of purchased 
farm inputs relative to one another and relative to the level of 
prices received. The ratio of prices received to prices paid has 
generally decreased throughout this century and is expected to 
continue to decrease in coming decades. During the seventies, 
prices paid for agricultural chemicals declined relative to prices 
received for farm products. And relative prices paid for fertilizer 
increased since the early seventies to about the same level as 
they were during the midsixties. Higher prices and reduced re- 
quirements limited expenditures for buildings and machinery. 

Purchased farm inputs are expected to become increasingly im- 
portant as a basis for agricultural growth. The nonfarm sector 
appears to have the potential to satisfy increasing demands for 
purchased farm inputs. Issues will arise over prospective in- 
creases in the real level of prices paid by farmers, particularly 
for energy intensive inputs, and over the competitiveness of 
farm inputs markets (including those for natural resources and 
labor). Farmers' purchases of nonfarm inputs are intimately 
related to changes in agricultural technology. As farmers con- 
tinue to adopt new ways of doing things, issues will surface 
associated with the relationship of purchased inputs to resource 
productivity, income distribution, and the effect of various pro- 
duction practices on food purity and environmental quality. 

Increasing productivity and expanding markets, particularly ex- 
port markets, continue to expand farmers' demands for pur- 

chased inputs. The quantity of purchased inputs offered to 
farmers will continue to expand, but the relative prices paid by 
farmers will continue to increase. The availability of purchased 
farm inputs is not expected to become a limit to growth during 
the next two or three decades. 

Farm Labor 

Growth in export markets may make labor a more important 
determinant of agricultural supply response than in the past few 
decades, but labor is not expected to limit the ability of U.S. 
agriculture to meet domestic and foreign market demands dur- 
ing the next two or three decades. 

The population on U.S. farms was 7.2 million in 1980, about 
3.3 percent of the total resident population. Farm employment 
was 3.7 million, of which 2.4 million were family and 1.3 mil- 
lion hired. The longrun trend of farm population and employ- 
ment has been emphatically downward (table 3). This is consis- 
tent with an increasingly productive agricultural industry, a 
transfer of many processing, transporting, and handling jobs to 
the nonfarm agricultural marketing sector, increased purchases 
of nonfarm inputs, and changes in relative factor prices. 

Farm employment frequently has not been included as a 
potentially limiting variable in analyses of U.S. agricultural pro- 
duction. A reason for this is that farm labor was in surplus; the 
problem was to find nonfarm uses for the labor that was released 
from agriculture. This situation is changing. A net of 23.3 mil- 
lion persons left the farm since 1940; only 7.2 million are left. 
Beale noted that "this was one of the largest voluntary migra- 
tions in human history.. (12, p. 80). The pace of outmigration 
from agriculture halved the farm population every two decades. 
Even if this pace were to continue, the importance of outmigra- 
tion of farm people is over as a major social force in the U.S. 
economy. Furthermore, the pace slowed in recent years and 

Table 3—Farm population and employment, 1940-80 

U.S. 
population^ 

Farm 
population 2 

Farm employment 

Year Farm labor survey^ Current 

Total Family Hired 
population 

survey*^ 

1940 
1950 
1960 
1970 
1980 

1-^ . 

     Million 

132.6 
152.3 
187.7 
204.9 
221.7 

30.5 
23.0 
15.6 
9.7 
7.2 

Percent of U.S. 

23.2 
15.3 
8.7 
4.8 
3.3 

11.0 
9.9 
7.1 
4.5 
3.7 

8.3 
7.6 
5.2 
3.3 
2.4 

-Million  

2.7 
2.3 
1.9 
1.2 
1.3 

9.5 
7.2 
5.5 
3.5 
3.4 

^Previous definition of a farm. Using the definition adopted in 1978, there were 6.1 million people living on farms, 2 6 percent of 
the total residential population. 

^Statistlcai Reporting Service, Farm Labor Survey. Previous definition of a farm. 
%ureau of Labor Statistics, Current Population Survey. Persons 16 years and older. 
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agriculture showed some signs of labor retention during the 
rapid export growth of the seventies. 

Use of hired labor stayed about the same during the seventies, 
according to the farm labor survey (table 3), as acreage for ex- 
port doubled, the pace of large-scale mechanization slowed, 
and family labor used on farms continued to fall. The current 
population survey, which samples a different group of people 
and uses a different definition of a farm, also indicates retention 
during the seventies. If the world food situation tightens and 
exports continue to rise toward two-thirds of harvested acreage, 
the total labor requirements for some export commodities will 
increase despite continued technological, labor-saving 
improvements. 

The impact of exports on farm employment varies among crops 
and regions. Farm labor policies in coming decades may focus 
less on finding nonfarm jobs for those displaced from agricul- 
ture and deal more with adjustments such as the increasing 
proportion of hired relative to family labor. 

While a scarcity of farm labor is not imminent, a drop in the 
supply of labor would limit farm production, according to the 
cross-sectional analysis. If that happened, livestock production 
would be limited more than grain and oilseeds. Prices received 
by farmers would rise to more than offset the output reduction, 
so gross income would increase. Feed costs would rise and 
thus further limit livestock output. Demand for other farm in- 
puts would decrease, prices paid would fall, and farm income 
would increase. Owners of resources that are complementary 
with farm labor would sell less at lower prices. 

Some regional shifts would result even if the supply of labor 
tightened uniformly across the country. The adjustments to 
reduced availability of labor would be most responsive for cot- 
ton in the Pacific region and for hogs in the Northern Plains, 
according to the cross-sectional analysis. It would be least 
responsive in the Corn Belt. Total cotton production would be 
little changed, but more would be grown in the Southeast and 
Delta regions, which have been reducing cotton acreage in re- 
cent years, and less cotton would be grown in the Pacific 
States. Livestock production would be reduced most sharply in 
the Lake States, Appalachian, and Delta regions. 

Technology 

Agricultural production depends not only on the quantity of re- 
sources available but also on the productivity of resources used. 
A technological advance is a change in the way of doing things 
that increases the flow of outputs relative to inputs. Despite 
earlier technological advances, like the moldboard plow, irriga- 
tion, refrigerated railroad cars, tractors, hybrid corn, and 
chemical fertilizers, growth in food production also depended 
on increases in the total resources used. This changed during 
the thirties. Total resource use is about the same now as it was 

then (table 2) but output has grown through resource substi- 
tutions and new ways of doing things. Expanding demand and 
reduced availability of farm labor during World War II stimu- 
lated adoption of the cotton picker and set off a decline in farm 
labor that did not level off until the seventies. The number of 
tractors peaked in 1965, when the decline in farm numbers 
overtook the adoption of mechanized technology. 

The productivity index (table 2) is the ratio of the index of farm 
output to the index of farm input. Though there is a great deal 
of uncertainty about what is shown in measures of aggregate 
productivity, as pointed out by Langham and Ahmad, growth 
rates over time do provide an indicator of progress {134). The 
productivity index has been rising for the past three decades at 
an average annual rate of 1.9 percent per year. This rise is 
usually interpreted as a reflection of new technologies, although 
it was affected by structural and institutional changes and by 
farmers' adjustments within known technologies to changes in 
relative prices. 

Following World War II, growth in food production exceeded 
growth in markets. The midsixties were marked by commodity 
surpluses and a relatively low rate of capacity utilization in 
agriculture. Harvested acreage was historically low through the 
sixties, attaining its minimum in 1962. The acreage reduction 
programs of the sixties accelerated the use of fertilizer as the 
program payments and commodity support prices increased 
receipts relative to the price of fertilizer. 

During the seventies, the growth in productivity appeared to 
slow (to only 0.6 percent per year) even as output was rapidly 
rising for export. The slowdown raised questions, reviewed by 
Lu, whether technological advance in agriculture was ap- 
proaching a limit at the same time that cropland harvested was 
approaching its historical high (148). However, the slowdown 
may have been more apparent than real. More corn was grown 
outside the Corn Belt, closer to shipping points, where corn 
yields are lower. This reduced the weighted-average corn yield. 
Second, more crops were produced relative to livestock. Since 
crop productivity indexes include more inputs per unit of out- 
put, Teigen showed that the weighted average of both com- 
modities reduced the aggregate measure (238). These two 
points are expanded below; they suggest that much of what ap- 
peared to be a change in productivity was attributable to shifts 
among commodities, resources, and regions in response to 
changing market conditions and to weather. 

Before the midsixties, livestock production grew more rapidly 
than crop production. Crop yields increased and production 
grew more rapidly than the markets could absorb at current 
prices; acreage was reduced. Since then, growth in crop pro- 
duction has doubled its earlier rate, spurred by growth in ex- 
port of grains and oilseeds. At the same time, the growth in 
livestock production was reduced to a little less than the growth 
in U.S. population. 
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On balance, the increased growth of crop production offset the 
slower growth of livestock production and total farm output ex- 
panded steadily over the past four decades. There was little 
change in aggregate resource use and the advance in output is 
attributed to an increase in resource productivity. However, 
crop production requires more purchased inputs, including fer- 
tili^rs and chemicals, than livestock production, so that the 
growth in productivity, measured as the ratio of aggregate out- 
put to aggregate input, appeared to slow down as the mix of 
crop and livestock products changed {238). 

Regional variations in crop production explain some of the ap- 
parent slowdown in productivity (fig. 7). In the Corn Belt, 
Plains, Delta, and Mountain regions, total crop production in- 
creased and yields followed a stable, rising trend. Production 
and yields changed little in the Northeast. The Lake States, 
Pacific, Appalachian, and Southeast regions had significant in- 
creases in production, but this was accomplished through in- 
creasing inputs, particularly cropland, with no advance in 
yields. Yields tend to fall as acreage increases and also as the 
price of fertilizer rises relative to commodity price. When the ef- 
fects of land, fertilizer, chemicals, and weather are accounted 
for, significant annual trends in yields were strongest for the 
Corn Belt, Plains, Mountain, and Pacific regions. 

Commodity and regional adjustments permitted the aggregate 
indicator of productivity growth to slow during the seventies 
even in the absence of a slowdown in technological advance. 
The productivity index resumed its growth again during the 
eighties. Reports of new technology being developed for agri- 
culture suggest that the productivity of agricultural resources 
can be expected to continue to increase in coming decades. 

Figure 7 

Regional Growth in Farm Production, 1969-81 
(Index of Farm Output per Unit of Input) 

Northern 
Plains Lake 

m 
Northeast 

Prospects for further technical change include genetic engineer- 
ing and a new generation of more specialized and computerized 
machinery (238). Other prospects include: remote machinery 
monitors, controls and robotics; reduced-tillage and no-till prac- 
tices; crop varieties that are more pest resistant, higher yielding, 
capable of being grown in new geographic locations, and that 
have shorter growing seasons; placement of fertilizer and 
pesticide in the soil close to the seed; crop growth hormone 
changes; drought resistant and salt-tolerant crops; nitrogen fixa- 
tion by grass crops; biological pest controls and vaccines; con- 
trol of animal reproduction; more efficient animal feed conver- 
sion; livestock growth hormone changes; and alternatives to 
traditional livestock and crop products to satisfy human nutri- 
tion requirements. Improvements in information flows and deci- 
sionmaking by farmers will increase efficiency. Adoption of 
microcomputers by farmers is increasing the quantity of food 
that farmers supply at a given price (157). 

Emerging biotechnologies and genetic engineering have made 
dramatic progress during the past two decades. Some results 
have already been adopted by farmers. Photosynthetic enhance- 
ment, plant growth regulators, cell and tissue culture opera- 
tions, gene transfer technology, and biological nitrogen fixation 
in corn will affect farm productivity measurably by the end of 
the eighties. 

The rate of photosynthesis affects plant yields, according to in- 
direct laboratory evidence. So far however, no inaeases have 
been recorded in commercial corn yields due to increased photo- 
synthesis rates. Plant breeding based on selection for the car- 
bon dioxide exchange rate is expected to enhance the photo- 
synthesis rate. Air pollution, by changing the ozone level, slows 
the rate of photosynthesis and reduces corn and soybean 
yields. Research is needed to evaluate this problem and to 
determine the need to reduce concentrations of ozone or to in- 
crease ozone resistance in affected crops. 

Plant growth regulators (PGR) are organic compounds, other 
than nutrients, that modify physiological processes in plants. 
PGR's increase yields by increasing the graines proportion of the 
plant's total dry matter. 

Genetic modification of plant cells has been made possible by 
recent advances in molecular biology, cell and tissue culture, 
and gene transfer. This will augment the genetic modifications 
that have taken place for thousands of years by natural and 
human-guided selection. Gene transfer at the cellular level in- 
volves two approaches: protoplast fusion (combining the 
genetic material from two cells into one cell) and DNA transfer 
via bacterial plasmids or viruses that carry DNA into a host 
plant. The development of cell and tissue culture has facilitated 
the regeneration of plants from undifferentiated cells, the trans- 
fer of genetic material from one species to another, and mass 
propagation. Although the ability to culture plant cells has ex- 
isted since the thirties, the regeneration of whole plants from 
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the cultured cells for corn was first reported in 1975. This in- 
novation will reduce the time required to develop new 
varieties. 

Biological nitrogen fixation involves microbial activity in which 
atmospheric nitrogen, which is in the air within the soil, is 
directly usable by the plant. The mechanisms likely to bring 
about nitrogen fixation in corn are: forming a symbiotic relation- 
ship between free-living microbes and the corn plant, or induc- 
ing the corn to form nitrogen-fixing nodules on its roots. This 
could reduce nitrogen application by at least one-fourth of cur- 
rent application rates. 

Research is underway on methods to regulate animal appetite 
and feed intake, enhance cellular growth processes, and im- 
prove the synthesis of feeds into protein. It is estimated that a 
bovine growth hormone can increase milk yields per cow by 20 
per cent. Improved disease resistance and immunities are being 
discovered. Germ plasm changes will result in improved breeds 
and strains. More efficient reproductive methods will use ad- 
vanced embryo technology and sexcd semen. 

The aggregate rate of technical advance glosses over myriad 
details about individual advances in science and invention, 
development and marketing of new products, and education 
on how to incorporate the advances into practical farm man- 
agement practices. During the past century, advances in agri- 
cultural technology had public support through the USDA-Land 
Grant University system for research, extension, and education 
(23; 174, Vol. 1, p. 1). Recent developments in high-tech 
methods of farming and recent changes in patent and copyright 
laws portend a shift in emphasis to more private and less public 
agricultural research (57). Policy issues will arise as to the ex- 
tent technological developments continue to be in the public in- 
terest as they meet private goals. 

Adoption of new technology can increase farm output and 
reduce the demand for traditional farm inputs, according to the 
cross-sectional study. With an inelastic demand for food, prices 
received by farmers would decrease and gross income would 
be lower. Fewer inputs would be required so prices paid by 
farmers would decrease. Net farm income would drop, as 
would incomes to suppliers of land, water, labor, and pur- 
chased inputs. The increased availability of food products at 
lower prices would benefit consumers, trading partners, and the 
domestic marketing sector. A major benefit to agriculture would 
be to keep it competitive in world markets. 

Technology hits unevenly within agriculture. For example, if 
farmers increased corn yields by adopting a series of technol- 
ogical advances, production of corn would increase and the 
price received would decrease, according to the cross-sectional 
study. More corn would be used for food, feed, industry, ex- 
ports, and carryovers. With corn relatively cheaper, production 
of barley, oats, sorghum, and possibly wheat, would fall. 

Cheaper feed grain would induce more livestock products, par- 
ticularly beef and pork. As more meat products moved into 
domestic markets at lower prices, the demand for inputs to 
livestock enterprises—pasture land, labor, high-protein feed, 
and certain purchased inputs—would increase. More soybean 
meal would meet this increased demand for protein feeds, but 
less would be grown of most other crops. Soybean oil, a joint 
product with soybean meal, would increase in supply, so the 
price of soybeans would weaken despite the increased demand 
for soybean meal. Demands for inputs for crop production 
would decrease as demand for inputs for livestock production 
increase. Aggregate net farm income would fall as would total 
payments to input suppliers. Regional variations in net farm in- 
come (gross income less variable costs) resulting from the cross- 
sectional analysis of an increase in corn yields are shown in 
figure 8 (38, 111). Benefits of increased food supplies at lower 
prices accrue, through the forward linkages from the farm gate 
through the marketing sector, to domestic consumers and 
trading partners. 

If growth in productivity continues for the next 30 years at the 
1.9-percent-per-year pace of the past 30, total farm output will 
increase by 70 percent above the present level. With domestic 
markets likely to increase by under 1 percent per year, a 
1.9-percent-per-year increase in productivity would support a 
3-percent-per-year increase in exports. Current expectations are 
for U.S. exports to increase at close to 3 percent per year in 
coming decades. In addition, adoption of technology is likely to 
accelerate. Consequently, technological advance is not likely to 
be a limiting factor in the ability of U.S. agriculture to meet the 
domestic and foreign demands likely to be placed on it during 
the next two or three decades. 

Figure 8 

Regional Change in Net Farm Income in 
Response to 10-Percent Increase in Corn Yields 

Northern 
Plains Lake 
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Regional Location of Enterprises 

There is regional specialization in crop and livestock produc- 
tion. Regional patterns change over time; for example, cotton 
shifted from the Southeast to the Southwest following World 
War II. Double cropping, humid area irrigation, and crop 
varieties with shorter growing seasons induce regional shifts. 
Changes in export markets have important regional implica- 
tions. Expanding corn exports during the seventies led to in- 
creased production away from the efficient Corn Belt to lower 
yielding land closer to Gulf shipping ports; and expansion of 
soybean exports led to increased production in the Delta where 
potential cropland is highly subject to erosion. Population shifts 
from the frostbelt to the sunbelt are intensifying the urban and 
industrial competition for land, water, and other resources used 
by farmers {167). 

Further shifts induced by changing exports likely will raise issues 
concerning accompanying changes in the regional distribution 
of farm income. It will also raise issues concerning the regional 
responsibilities for research on commodities that are undergoing 
a shift in location; for example, research at the Iowa Agricul- 
tural Experiment Station of benefit to Georgia corn growers, or 
at the Georgia Agricultural Experiment Station of benefit to 
Texas cotton growers. 

Institutional Arrangements Affecting Farmers 

A number of institutions affect the supply response of U.S. 
agriculture to changing world food markets. Many of these can 
be discussed in conjunction with the issues they directly affect. 
For example, a discussion of general agreements on tariffs and 
trade is an integral part of the export issue, and a discussion of 
institutions affecting water rights is an integral part of the re- 
source availabilities issue. 

We usually think of changes in productivity as indicators of 
technical change, but when the indicators are based on ag- 
gregate, national statistics, they can be affected by shifts within 
the aggregates, such as a change in the size distribution of 
farms, ownership patterns, legal form of organization, or com- 
modity specialization. Crop yields tend to be higher on farms 
with more acres, higher sales, specialized, incorporated, and 
with operators who are part owners or tenants, or who are in 
their midthirties to midforties. Hence, the supply of farm prod- 
ucts is related to the structure of agriculture. 

There are some institutional arrangements that, while not 
directly in the domain of agricultural policy, have important im- 
plications for the size of domestic and export markets for farm 
products, and for the supply response of farmers to changes in 
these markets. These institutions include national monetary 
controls, tax laws, and factors aftecting the level of government 
deficits. For example, higher interest rates affect both the de- 
mand for and supply of farm products. Higher interest rates in- 

crease exchange rates and thereby increase the real price of 
U.S. food products in world markets. And higher interest rates 
discourage investment in farmland and capital and thereby de- 
crease the supply of food. The eftect of nonfarm economic and 
political institutions on the efficiency and equity of agricultural 
production to meet domestic and foreign demands for food will 
be an issue in coming decades (20, 120, 210, 245). 

Conclusions 

Growth in both the domestic and export markets for U.S. agri- 
culture is needed during coming decades to absorb the growing 
production potential without depressing prices. Domestic mar- 
kets are growing relatively slowly. Programs have supported the 
development of new uses for farm products and have distri- 
buted food at home and abroad to those who lack the purchas- 
ing power to buy enough to eat at current market prices. But, 
given the prospect for growth in production, either some major 
new domestic market will have to be developed (such as indus- 
trial uses of farm products, including gasohol) or export mar- 
kets must be relied upon as a source of growth. 

Farm policies will probably have to cope, over the next two or 
three decades, with a continued decline in the ratio of prices 
received by farmers to prices paid, and with continued price 
variability of foreign origin. Farmers have the flexibility and 
resilience to make most of the adjustments needed to cope with 
these changes. However, they may, at times, need protective 
intervention by government. If the United States again supports 
domestic prices above world prices to protect farm incomes, it 
may again price U.S. farmers out of world markets and slow 
the growth of export sales. However, if it provides no protec- 
tion and allows protective policies of other governments to shift 
instabilities from themselves to the rest of the world, U.S. 
farmers and consumers will be hurt by the resulting price 
volatility. The basis for domestic farm income support and price 
stabilization policies is changing, primarily because of increased 
reliance of U.S. farmers on export markets that are volatile and 
that are growing more slowly than the domestic potential to fill 
them. 

Growth in exports slightly below 3 percent per year is antici- 
pated; that is about enough, given the trend in domestic de- 
mand, to absorb anticipated growth in agricultural capacity, 
even if the moderate downtrend continues in real prices re- 
ceived by farmers. The longrun decline in real prices received 
by farmers is expected to continue for three reasons. First, the 
trend has been in that direction for more than a century, and 
nothing in the present situation points to a new and compelling 
reason for concluding that a change has taken place. Second, 
U.S. agricultural capacity can grow faster than the markets are 
growing. Farmers show a propensity to produce more than will 
clear the market at current prices. This force for decreasing real 
prices need not be strong, but it reinforces the other two forces. 
Third, world agricultural capacity is growing faster than world 
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markets are growing. If U.S. farmers are to expand exports, 
then real prices received for exported commodities will have to 
fall gradually to remain competitive. 

Price volatility returned during the seventies to the level of the 
forties and earlier. The atypical price stability of the fifties and 
sixties was attributable to U.S. price support policies that main- 
tained domestic prices above world levels and permitted ac- 
cumulation of burdensome carryover stocks. Except for the war 
years, volatility earlier in this century was attributed to domestic 
sources including weather and instabilities in urban markets. 
The major source of volatility now appears to have shifted 
abroad, particularly to policies of major governments. These in- 
clude decisions to import to stabilize domestic supplies instead 
of "tightening the belt" regardless of the destabilizing impact on 
others, and embargoes for political or diplomatic purposes. 
Prices are not expected to return to the unusual stability of the 
fifties and sixties. 

Growth in the physical capacity of the U.S. farm sector seems 
to be adequate to meet expected food demands. U.S. agricul- 
ture can produce enough to meet domestic and export de- 
mands for food, even at moderately decreasing real prices, as 
long as efforts continue to conserve and develop natural re- 
sources, discover new technologies, promote efficient regional 
relocations of enterprises, and maintain an increasing supply of 
purchased farm inputs. Temporary strains are anticipated again, 
perhaps even as severe as those in the seventies. Lester R. 
Brown said toward the close of that stressful period that "the 
problems are manageable but managing them satisfactorily will 
require an exceptional exercise of political will and human in- 
genuity" {31). Later, Batie and Healy subscribed to a similar 
view of the future, which they called "guarded optimism" (11). 
Since those comments were made, pressures on food supplies 
have eased. No doubt, supplies will periodically tighten and 
ease again. But for the long run, the physical capacity prob- 
lems seem to be manageable. Strains placed on U.S. agricul- 
tural capacity need not lead to prolonged food shortages. 

While physical limits on capacity are not anticipated, there may 
be institutional ones. Another doubling of exports within the 
short period of one decade, as happened during the seventies, 
would again strain the agricultural economy by inducing 
changes in relative prices, income distribution, farm size, 
ownership patterns, and other structural attributes. Other fac- 
tors, which are not considered agricultural, can limit 
agriculture's supply response: high interest rates, credit ration- 
ing, and a substantial strengthening of the dollar against the 
currencies of importing countries. Managing these institutional 
limits on food capacity is likely to require, from time to time, 
an "exercise of political will and human ingenuity." 

Strong growth in traditional exports (mostly corn, wheat, and 
soybeans) induces changes in relative prices and incomes that 
favor crop growers, input suppliers, and trading partners but 

not necessarily livestock growers, postharvest handlers, or con- 
sumers. This distributional trend will raise issues for agricultural 
policy to deal with in coming decades. 

Given the prospects for runs of a few years of relative shortages 
followed by a few years of relative plenty, shortrun income 
shifts of large proportions may occur from time to time. These 
shifts will favor first one group, then another. Shortrun but 
large changes, due, for example to a few consecutive years of 
inflationary rises in consumer food prices or, alternatively, to a 
few consecutive years of reduced exports, depressed farm in- 
come, and falling land values, could put strong pressure on 
agricultural policy in coming decades. Policies for the late 
eighties and beyond need to be flexible enough to deal with 
these issues as they arise, or to avert them through stabilization; 
polices to share the risk while at the same time maintaining 
agriculture's flexibility and resilience in adjusting to change. 
How farm programs are financed and operated when world 
food markets are tight or volatile compared with when they are 
plentiful or stable affects the distribution of food and income 
among domestic consumers, the marketing sector, farmers, in- 
put suppliers, and U.S. trading partners. The equity of such 
redistributions of income during temporary times of stress could 
prove to be of more concern for policymakers than the longrun 
limits to U.S. agricultural capacity. 

Nearly half the annual value of farm exports is from three 
crops—wheat, corn, and soybeans. These are high-tech 
products of a modern agriculture. At the same time, they are 
bulk crops with minimal or no postharvest processing. Export 
of these three crops adds to the income of farmers who grow 
them, adds to the cost (through higher feed prices) of farmers 
who feed livestock, and has little effect on the income of other 
farmers (who grow fruits or vegetables, for example). Further- 
more, export of these crops adds little to employment and in- 
come in the food-marketing sector. The increase in the U.S. 
share of world trade in recent years was heavily concentrated in 
exports of bulk crops, even though world trade in high-value, 
processed food products (both crops and livestock) was ex- 
panding rapidly. The U.S. share of high-value exports 
diminished. 

At issue in the years ahead could well be strategies to maintain 
a reliable flow of U.S. farm products into world markets, to 
diversify the types of commodities exported, and to consider 
the efficacy of exporting higher value food products (both crop 
and livestock products) as a means of creating nonfarm income 
and employment in the food and fiber industries. Growth in 
farm export markets is an important determinant of whether 
U.S. agriculture will continue to be growing and prosperous, or 
whether it will increasingly rely on public transfers to maintain 
income levels in farming, or whether it will undergo a further 
major adjustment resulting in a much smaller yet prosperous 
agriculture that produces a reliable supply of food and other 
farm products mostly for domestic markets. 
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